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The Conference on Highway Engineering is held an-
nually during the latter part of February or the beginning 
of March by the Department of Civil Engineering of the 
University of Illinois with the cooperation of the Illinois 
Division of Highways and the Illinois Association of 
County Superintendents of Highways. 
It started in 1914 under the name of the Short Course 
in Highway Engineering as a two-weeks training school for 
the newly-created County Superintendents of Highways. 
Since then its character has been changed from time to 
time to meet the ever-changing conditions of road build-
ing and administration in the state. In 1935 the present 
name was adopted. 
Throughout the years the object has been to provide an 
opportunity for the highway builders and administrators 
of the state to get together for mutual acquaintance, to 
discuss the many problems that confront them, and to gain 
the latest and best information pertinent to their work. 
The results have demonstrated the value of the meeting, not 
only to those attending, but to the communities or interests 
they represent. 
The Conference is open without fee to anyone interested 
in any way with improving the roads and streets of the 
state. The normal attendance consists of state, county, 
city, and local engineers and officials, road and street con-
tractors, material and equipment dealers, and many others. 
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I. TELEGRAM TO THE HIGHWAY CONFERENCE 
F. LYNDEN Sl\IITn·* 
When Professor Wiley asked me to participate in this Annual 
Highway Conference, I was happy to accept his kind invitation and 
welcomed the opportunity of meeting again with this group of Illinois 
highway engineers, road builders, and professors. At the last minute, 
however, conditions arose which make it impossible to keep my en-
gagement. I am sorry to be denied the pleasure of being with you. 
That this Annual Conference should continue to be one of the im-
portant sessions for highway engineers year after year, for twcnty-
five years, is definite testimony to the benefits derived from it. Pro-
viding as it docs an opportunity for exchange of ideas and open dis-
cussion of individual and local problems, it serves to bring our 
highway builders closer together and to direct all improvement 
programs to the high standards and to the goals we have set for 
ourselves. 
Today I wish to extend my thanks to the University authorities, 
not only for sponsoring this school but for the year-round cooperation 
which they have given the State Highway Department. W c appre-
ciate the assistance they have given our engineers in special studies 
and the working together of University affiliates and our engineers 
along mutual lines of interest toward our goal, the finest highway 
system in the world. 
It is my belief that the greatest contribution that road engineers 
of today can make toward the progress of our highway system is the 
establishment of a long-term plan of development, a plan based on 
essential facts and figures being brought out by our highway planning 
survey. In the light of that survey future state construction will be 
gauged. Most of the information in the survey will be of value to 
county highway departments as well as to the State, and it is our 
hope that the counties will make use of the hitherto uncollected facts 
and figures which the survey will divulge. 
In our State Highway Department we have turned every resource 
to solving the problem of safety on the highways. Both from its 
humanitarian and practical aspects, safe highways should be our first 
concern. It is a task that rests heavily on our shoulders, a job that 
requires a foundation of pertinent facts and thoughtful planning with 
*Director, Department of Public Works and Buildings, Springfield, Ill. 
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an eye to future needs to be faced with the increase both m num-
bers of motor vehicles and their usage. 
Again, may I tell you I am sorry not to have been able to 
attend the conference. I send my best wishes for a successful meeting 
which will be an inspiration and an impetus in our work the coming 
year. 
II. BACKSIGHTS AND FORESIGHTS 
ERNST LIEBER'.\IAN* 
It seems to have become my function at these annual highway 
conferences to present a brief sketch of our past highway history, 
together with an outline of our future prospects. This year our pro-
gram makers, evidently in an attempt to disguise a familiar subject, 
have resorted to surveying terminology in assigning to me the topic 
"Backsights and Foresights." In view of the several uncertainties 
which at present obscure our vision ahead, I suggest it might have 
been more fitting to have indicated a connection between this partic-
ular subject and astrology. 
There arc 102 520 miles of rural roads in Illinois. Of these, 11 242 
miles make up the present primary system of state bond issue and 
federal aid roads; 15 104 miles compose the secondary or state aid 
system of roads, excluding those which coincide with primary roads; 
and the remaining 76 17 4 miles arc the local or township roads. 
To the first of this year, 10 637 miles of the primary system had 
been paved or surfaced, leaving 605 miles yet to be improved. Sur-
facing of 6364 miles of state aid roads had been completed, 5655 miles 
by the counties under state supervision, and 709 miles directly by the 
State under the federal aid programs. Theoretically, this leaves 8740 
miles of state aid roads yet to be surfaced; however, it must be rec-
ognized that some of this mileage has been improved by the counties 
without state supervision, but unfortunately we have no record of the 
extent of such work. Also, we are without record of the status of 
improvement of the township roads, although we know that the great 
majority of them are still plain earth. Insofar as our records go, 
17 001 miles, or about 161h per cent, of our total public road mileage, 
has been improved with some type of all weather surface. 
·with somewhere near 85 000 miles of unsurfaced roads in the state, 
I think there is no question of any lack of opportunity for highway 
development in the future. What we arc going to do will be, as it 
has always been in the past, measured by funds available to us. And 
when we attempt to make a foresight in this point we immediately 
are confronted by considerable obscurity, particularly so far as the 
State is concerned. 
·we felt rather confident when Congress enacted the Hayden-
*Chief Highway Engineer, State of Illinois, Springfield, Ill. 
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Cartwright Bill in 1936 authorizing federal aid allotments for the 
fiscal years beginning July 1, 1937 and 1938, that a federal aid policy 
of some permanence was being established. Under this act, Illinois 
would receive in each of the two years about $5 250 000 for regular 
federal aid roads, $1 050 000 for secondary roads, both to be matched 
by state funds, and $2 650 000 for railroad grade crossing elimination 
and protection, this latter amount to be a 100-per-cent grant. We 
assumed that the necessary supporting apportionments would be made 
by subsequent Congresses, and had expected that federal aid would 
be continued for a number of years at about the same rate. 
In 1937 Congress did appropriate the amounts authorized for that 
year. However, the President has recommended to Congress that it 
entirely cancel the amounts previously authorized for appropriation 
in 1938, and that it set up a maximum limit on future federal aid 
well below the present levels. If the first recommendation is carried 
out Illinois will have practically $9 000 000 less to invest in new 
highways during the fiscal year beginning next .July 1. If future 
appropriations are held within the limits suggested by the President, 
the state's maximum allotment will be about $5 000 000, or $4 000 000 
below that of the current year. 
Naturally we are very reluctant to see any reduction in federal 
aid. I don't feel that it is necessary to argue the point with an aud-
ience of this character that we are far short of the place where we 
can declare a moratorium on highway development. I think it is 
entirely equitable and fair that the federal government should bear 
a part of the expense of highway construction, and in my opinion the 
amounts authorized by the Hayden-Cartwright Act of 1936 do not 
represent a disportionate share of the total highway bill for the 
country. 
If Congress should decide to reduce the amount of federal aid 
then I believe it should also make a corresponding reduction in the 
federal taxes levied on gasoline and other automotive supplies. ·while 
it may be true that these taxes were not imposed with the express 
purpose of providing funds for highway aid, yet it is a fact that they 
do produce somewhat more than enough revenue for this purpose and 
this fact is their principal justification for existence from the motor-
ists' point of view. A reduction in these federal taxes would tend to 
relieve the pressure for reductions in automobile fees collected by the 
state, which as a rule are spent for highway construction and 
maintenance. 
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:Now that we have reached the subject of reduction in state auto 
fees I think we may as well face the fact that we will have this issue 
before us again when the next General Assembly meets. Any tax 
reduction movement is bound to be popular, and we arc beginning to 
hear of various schemes for cutting automobile taxes, one of which 
>rnuld go so far as to reduce license fees to a flat $3.00 rate. Unless 
we and others interested in the progressive development of the high-
way system foster some straight thinking on this matter, we may as 
well resign ourselves to a certain reduction in motor fees. It is up to 
us to spread the gospel that the public highway is just as essential 
to the use of an automobile as is gasoline, and that neither one can 
be had for nothing. I question the validity of any claim that the 
charge made on the motorist for his use of the highways in Illinois 
is excessive. According to figures published by the National Highway 
Users' Conference the average license fee in Illinois in 1936 was 
$11.69, as compared with $12.75 for the entire United States. The 
average motor fuel tax per car paid during the same year was $20.16 
in Illinois, as against $24.33 for the entire country. The total of li-
cense fees and motor fuel taxes in Illinois averaged $31.85 as compared 
with $37.08 for all states combined. It is true that in some states 
the license fee is lower than in Illinois, but it is almost always the 
case that the gas tax is higher. Georgia, for instance, has an average 
license fee per vehicle of only $3.17, but the gas tax is $0.06 per 
gallon, bringing the average state tax per vehicle there up to $45.78. 
It seems to me that slightly over $2.50 per month is a small 
amount for the average motorist to pay for the use of the highways. 
He is fortunate if he can do as well as that on garage rent alone. 
For the purpose of carrying this discussion to a conclusion I am 
going to take an optimistic viewpoint of matters. I will assume that 
neither federal aid nor our own motor fees will be reduced, but that 
our highway revenues will continue about on their present basis, and 
will make my foresights along that line. 
I mentioned a few moments ago that there were 605 miles of pri-
mary roads yet to be improved. While some additional mileage will 
be placed on the system, this will be quite limited in amount. Our 
primary system has about reached the stage where it can be con-
sidered stabilized, and where no further expansion is necessary. When 
that stage is reached the state can devote its full highway construc-
tion activities to the replacement of worn out and obsolete portions 
of the primary system, and to assisting the counties in improving 
secondary roads. The first of our bond issue roads to be constructed 
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as such will reach the, age of twenty years this year. A number of 
the old state aid sections later incorporated in bond issue routes have, 
of course, attained a greater age. We have already replaced some of 
these pavements, and have more scheduled for our new federal aid 
program. Disregarding the factor of obsolescence entirely, many of 
our pavements are reaching the point where their economic service 
life is about ended. 
In connection with litigation instituted by some of the interstate 
bus companies it became advisable for the state to prepare informa-
tion on the probable service life of all paved highways constructed on 
the primary road system to the first of January, 1937. A detailed 
pavement life study was made by our district organizations, and as 
a result we were able to estimate the mileage of pavement which 
would reach the end of its economic service life in each year. This 
study indicated that 412 miles of pavement had already reached the 
stage where it should be reconstructed. Over the next five years an 
additional 1197 miles should be reconstructed. This analysis was ex-
tended for another twenty-five years, the annual mileage to be re-
placed varying all the way from 70 to 1200 miles. At the end of this 
thirty years the pavement on the entire primary system would have 
been completely replaced, and it would then be time to begin the sec-
ond cycle of reconstruction. If our estimates on pavement life are 
anywhere nearly accurate, it is going to require more than all the funds 
we have available for primary road construction to keep pace with 
replacement requirements. 
It seems appropriate to mention briefly the need for modernization 
of our primary system. We all realize that many of our earlier roads 
are entirely obsolete, and that, to a considerable extent, these are 
the roads which carry the heaviest traffic. This combination of cir-
cumstances unquestionably contributes to our unpleasant highway 
accident situation. \Ve have already undertaken several important 
modernization projects, and more are scheduled for early programs. 
Fortunately, the places where modernization is most urgently needed 
are, for the most part, the places where reconstruction of the pave-
ment will first be required. For this reason our pavement reconstruc-
tion and modernization programs will be largely one and the same. 
\Vhen we consider the state's secondary program, we face even 
greater uncertainties than in the case of primary roads. When the 
President recommended a reduction in federal aid, he made no sug-
gestions as to the class of work to which it would apply. If Congress 
does reduce federal aid, it is entirely possible that it may decide to 
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eliminate the appropriation for secondary roads entirely. Our road 
laws, as amended at the last session of the legislature, permit state 
funds to be used for secondary road improvements only to the extent 
of matching federal funds allotted for the same purpose. It is possible 
then that the state might be forced to withdraw from the secondary 
road field. 
I will not dwell any more on this unpleasant possibility but will 
return to the optimistic expectation that federal aid for secondary 
roads will be provided in 1938 and many years thereafter. Possibly 
the county superintendents will be interested in hearing something of 
the federal regulations which will govern the expenditure of these 
funds. Only a few basic rules liaYc been laid down so far. One of 
these requires that improYcmcnts in at least 50 per cent of the coun-
ties be provided from the funds for the first two years. Our first year's 
program provided projects in 37 of the 102 counties, the second year's 
will contain projects in about 17 more counties. 
When the State-wide Highway Pbnning Surn~· has been com-
pleted, we will be required to lay out a federal secondary system, 
and future expenditure of funds will be confined to roads in that 
system. The initial s~·stcm ma~· comprise as much as 10 per cent 
of the public road mileage, or about 10 000 miles in the case of Illi-
nois. With the limited amount of funds arnilablc, there seems little 
point in establishing so much mileage, and I expect the system we 
designate will be considerably below the permissible length. It is 
expected that a definite rule will be established to govern the distri-
bution of the mileage designated among the counties, but this has 
not yet been issued. It is expected that rural population and area in 
farms will be two of the factors to be used in determining a county's 
share of the system, and that either the mileage of local roads or the 
vehicle-miles travelled on local roads may be the third. 
·when a county's proportionate share of the mileage in the system 
has been determined, the specific roads to make up such mileage will 
be designated, facts dcYelopcd by the planning surny being used as 
a basis for selection. Information from the planning survey will 
probably also be used in setting up priority of imprO\·ement of various 
sections of secondary road in the county. 
All projects undertaken must provide for a surfacing or stabili-
zation of the roadbed reasonably satisfactory for the traffic served. 
Grading and drainage arc acceptable as first stage construction, but 
the state must give satisfactory assurance for future surfacing or road-
bed stabilization. In several instances agreements have been made 
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whereby the state does the grading and drainage work, and the 
counties provide the surfacing. In such instances it is necessary that 
the county enact a resolution definitely providing for the surfacing. 
Following completion of federal secondary projects they arc turned 
back to the counties for future maintenance. Before the improvement 
is undertaken it is necessary that the county board execute a main-
tenance agreement on a form prescribed by the U. S. Bureau of 
Public Roads. 
In order that the counties may legally maintain federal secondary 
roads, we will require that all such roads be state aid roads. If roads 
selected for improveinent are not part of the state aid system, then 
they will have to be added to the system. You arc, of course, familiar 
with the fact that the State Aid Act has been amended so that when 
80 per cent of a county's permissible state aid mileage is satisfactorily 
improved, it may increase its mileage by 10 per cent. 
I regret that conditions arc such that it has not been possible to 
give you a more definite forecast of our highway prngram. However, 
we hope that Congress will take action soon on the federal aid ap-
propriation, and this will remove much of the present uncertainty. 
\Ve will all hope that the action it cloes take will be favorable. 
III. THE USE OF JOINTS IN CONCRETE PAVEMENTS 
F. v. REAGEL* 
The purpose of this paper is not to make any final pronouncement 
on a feature of design which has in the past received a great deal of 
the attention of both construction and promotional engineers, but 
rather to raise some questions which might help to reopen discussion 
and research on a phase of design which, in our opinion, may have 
been prematurely closed without the development of needed 
information. 
The results of some pavement surveys conducted in Missouri will 
be presented and briefly discussed in the hope that some of the facts 
or tendencies shown may help to promote interest and possibly to 
answer in part some of the questions which may be raised. Our data 
and discussion naturally must be based on conditions existing in the 
middle western or Mississippi Valley states and may or may not be 
applicable elsewhere. 
Sometimes it is said that present practice in the use of expansion 
and contraction joints is based on well founded principles of design. 
Do we, however, all agree that this is true? In many instances the 
desired degree of transverse crack control has not been attained, and 
some engineers are beginning to wonder if some important points in 
the theory may have been missed, or if some improper assumptions 
may have been made. 
How has the need for joints in pavements been ascertained? Has 
it been mostly by calculation without sufficient regard for experi-
mental data, and have the available data been collected and properly 
analyzed? 
What conditions of stressing pavement slabs are most desirable? 
In order that the concrete may best be able to withstand traffic and 
all of the natural destructive forces, should it be allowed unrestrained 
expansion, unrestrained contraction, unrestrained curling, or some 
other set of conditions? 
Is the complete elimination of cracking at any cost the desired 
solution, or is some economical balance between control and results 
the desired end? 
Some recent studies in Missouri have produced some rather signi-
*Engineer of l\faterials, l\1issouri State Highway Department. 
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ficant information which may be of interest in considering these 
questions. 
Between the years 1923 and 1929 Missouri built 9-6-9 Bates type 
pavements 18 feet wide without installing in them any expansion joints, 
contraction joints, or mesh reinforcing steel. In 1929 the design was 
changed to give a slab 20 feet wide with lip curbing. Starting in 1930, 
an attempt was made to control transverse cracking by the use of 
joints. During that year only. contraction joints were used, most of 
them being of the type known as the dummy joint, or plane of weak-
ness. These dummy joints were spaced either 40 feet or 80 feet apart 
in pavements built with crushed limestone aggregate, and either 20 
feet or 40 feet apart in those built with gravel aggregate. Where the 
grade line of the road extended through cuts the shorter spacings were 
used, and where it lay on fills the longer spacings were used. 
Expansion joints were introduced in 1931. These consisted of 
I-inch spaces filled with asphalt, either premolded or poured. They 
were installed alternately with the contraction joints, and spaced 
uniformly, so that the pavements were cut up into slabs 40 feet long. 
In a few pavements that were constructed late that year mesh re-
inforcing was added. Further changes in the standard design were 
adopted in 1932. Mesh reinforcing was specified for all projects, the 
use of contraction joints and planes of weakness was discontinued, 
and the number of expansion joints increased so that they could be 
spaced uniformly 40 ft. 4 in. apart. 
Now, since the beginning of 1934, alternate expansion and con-
traction joints are again in use, but, unlike a large number of the 
joints installed in the two years preceding, they are usually provided 
with copper seals and load transfer devices. 
Roughly this is an account of the principal changes in design 
affecting the use of joints in this state, however, there have been a 
few other variations introduced from time to time just for the purpose 
of experiment. The special features of these will be described as the 
data are being discussed. 
Pavement Condition Surveys.-During the summer of 1930 the 
l\Iissouri Highway Department, in cooperation with the Portland 
Cement Association, conducted a very comprehensive pavement con-
dition survey. Nearly all of the pavements constructed between 1923 
and 1927 were included in the survey, and the records of information 
were preserved so that comparisons could be made with the results 
of subsequent observations. Although several other condition surveys 
have been made since 1930 none was so general in scope. Each was 
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made to obtain information regarding the effect of some particular 
variable such as age, subgradc, materials, curing method, or some 
special feature in design. 
Some of these observations gave indications regarding the influence 
of joints, but upon them definite conclusions could not be based. 
Therefore it was necessary that a further survey be conducted in 
order that up-to-date information regarding the influence of various 
types and spacings of joints could b.c obtained. This survey was 
started in February and finished in April of 1937. It included a little 
over 400 miles of pavement which ranged in age from 4Yz to 6Yz 
years. The total length surveyed was divided about equally between 
pavements made with crushed limestone coarse aggregate, and those 
made with chert gravel aggregate. No pavements built on specially 
treated subgrades were included; in all cases the concrete had been 
placed in direct contact with the natural subgrade soil. Approximately 
a fourth of the pavement included contained mesh reinforcing steel. 
The only data that will be used in this discussion arc those rep-
resenting averages of results for groups of like projects. For those 
who may wish to see the values used in the several comparisons that 
will be made, a summary table has been included with the printed 
copies of this paper. 
Influence of Transverse Contraction Joints.-Most highway en-
gineers will agree that a properly-formed and well-maintained con-
traction joint in a pavement is less objectionable than an ordinary 
natural transverse crack. In fact, so great is the preference for the joints that common practice is tending towards a closer spacing of the joints, despite the knowledge that the number of cracks prevented is 
much less than the number of joints added. The ratio of the number 
of joints added to the number of cracks prevented may vary between 
wide limits. It is now evident that the spacing of contraction joints 
required to effect any certain degree of crack control depends upon 
many factors, the most important of which perhaps arc the age of the 
pavement, the subgradc soils and drainage, the climatic conditions, 
and the inherent qualities of the concrete as influenced by the type of 
aggregate and mix. 
Recent experience in some localities has shown that the use of con-
traction joints not only provides a means of controlling contraction 
cracking, but also assists in preventing blow-ups and corner cracks. 
This tendency was demonstrated by comparisons between pavements 
without joints built in 1924 and 1925 and those with joints built in 
1930. In order to compare pavements of approximately the same age 
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the 1930 condition survey records on the older pavements were com-
pared with the latest records on the newer pavements. 
These comparisons show that the contraction joints spaced at 40 
foot and 80 foot intervals in unreinforced limestone pavements had 
the effect of preventing six cracks per thousand feet, or approximately 
60 per cent of the number of cracks that would have occurred had no 
joints been used. From 2 to 4 joints were added for each crack pre-
vented in these pavements. That contraction joints had the effect of 
preventing blow-ups was evidenced by the absence of blow-ups in 
the limestone aggregate pavements in which the joints were used. '.fhc 
older limestone pavements without joints and reinforcing had com-
paratively few blow-ups, on the average, one in ten miles at the age 
of five years, and one in two miles at the age of 11 ~~ years. Never-
theless, the fact that comparable pavements with joints built in 1930 
do not 'have any blow-ups seems quite significant. The number of 
corner breaks in the pavements having contraction joints aYeraged 
only 1 per mile, whereas in the pavements without joints there were 3 
per mile at 5 years, and 5"Y:! per mile at 11 Y:i years. 
Similar comparisons made for limestone pavements containing 
mesh reinforcing showed that the contraction joints prevented 9 
cracks per thousand feet (a ninety-per-cent reduction), that they 
prevented all blow-ups or, on the average, about one per mile, and 
that they reduced the number of corner breaks from nearly 6, to less 
than one per mile. 
In the study of unreinforced chert gravel concrete pavements it 
was found that contraction joints spaced 20 feet apart in cuts and 
40 feet apart on fills prevented 23 cracks and 17 cracks per thousand 
feet, respectively. In other words, only 1 ~ to 2~ joints were re-
quired to prevent a crack. This is based on the 6~-ycar-old pave-
ments with joints and the 5-year-old pavements without joints. Had 
the two types been surveyed at equal ages, a still greater benefit from 
joints no doubt would have appeared. In regard to the number of 
blow-ups in these gravel aggregate pavements that \Ycre 6"Y:! years 
old, it is noteworthy that with the contraction joints there \Vas an av-
erage of only one blow-up in five miles. In the pavements without 
joints blow-ups occurred at the rate of one in three miles at the age 
of 5 years, and one in less than a quarter of a mile at the age of 11 ~ 
years. Here again there appeared an advantage in the use of con-
traction joints as a means of reducing corner cracking. ·with the joints 
there were less than two corner breaks per mile, but without the 
joints there were over 15. 
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Why do the contraction joints tend to prevent blow-ups and corner 
cracks? A very common explanation is that the contraction joints, 
particularly the dummy joints, as compared with naturally-occurring 
contraction cracks, facilitate better maintenance, and assist in pre-
venting infiltration of dirt and sand which, when lodged in the cracks, 
occupy space and tend to increase the total length of the pavement. 
Also it is apparent that the blow-ups which occurred more frequently 
in the case of the pavements without joints tended to allow cracks to 
open wider. This permitted more infiltration, decreased load transfer 
acr9ss the cracks, and caused more load cracks at corners. 
There are other reasons why the pavements with contraction joints 
should have fewer blow-ups and fewer corner cracks. The use of the joints, by limiting the length of slabs, results in a much lower maxi-
mum tension in a greater percentage of the total length of the pave-
ment. The fatigue effect in tension therefore is reduced. Also less 
permanent elongation due to excessive tensile stressing is produced. In 
slabs with joints there is a greater conservation of the tensile resistance 
of the concrete which enables the slab, during a majority of the time, 
to withstand greater bending stresses. 
Another reason why the older pavements without contraction joints had more blow-ups may have been due to the action of the 
%-in. edge bars. These bars may have been stressed in tension beyond 
their elastic limit where they extended across cracks in the concrete, 
and made to take permanent elongation when the temperature was 
low. This tended to cause them to buckle at the cracks when a sub-
sequent rise in temperature caused expansion. 
The occurrence of fewer corner breaks in the pavements built with 
contraction joints may have been due in part to the fact that the use 
of the %..:in. marginal bars was discontinued when the joints were 
introduced. In the older pavements before joints were used the edge 
bar extended across all transverse cracks, and it is probable that the 
bond between the concrete and the steel was not effectively broken. 
Then, when tension was developed in the steel at the transverse 
cracks in the concrete, the concrete was also subjected to tension, and 
thus rendered less able to support loads. 
Influences of Expansion Joints.-Insofar as the results of researeh 
in Missouri have shown, there is no purpose in the use of expansion joints other than that of preventing buckling or blowing up of the 
concrete slabs. The available literature does not report that any one 
has ever actually measured the compressive stress developed in a con-
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crete pavement slab at the time it blew up. No one has ever proved 
that failure in a concrete pavement was the result of a direct com-
pressive stress that was less than the stress required to cause buckling. 
The lowest compressive stress at which fatigue would be possible, 
most probably, is far above the maximum stress actually developed 
even when the. pavement blows up. If fatigue is present, it is apt to 
be due to repeated bending or tensile stresses rather than to 
compression. 
The minimum amount of expansion space that must be provided 
in pavements in order to prevent buckling has not been ascertained, 
except that, as has been shown for conditions in Missouri where cer-
tain limestone aggregates were used in combination with contraction 
joints, there is no need for any expansion joints. This is true unless a 
different condition should develop when these pavements have at-
tained an age greater than six and one-half years. If there were no 
evidences of a detrimental influence of expansion joints in pavements, 
there perhaps would be no particular reason, excepting the item of 
expense, for limiting their use; but unquestionably there has been 
some detrimental influence, as shown by the data collected. 
It is desirable to explain that for all conditions encountered in 
these surveys the use of expansion joints has completely prevented 
the occurrence of blow-ups. This is true even for the chert gravel 
concrete with which ordinarily the greatest number of blow-ups 
should be expected. As little as a single one-inch prcmoldcd asphalt 
joint for each 160 feet of chert aggregate concrete gave every in-
dication of being entirely sufficient. Data leading to this conclusion 
should be of major interest in the light of present design practice. 
Notwithstanding this apparent success in the use of expansion 
joints as a protection against blow-ups, the data derived from the 
survey present a strong indictment against them. They apparently 
caused excessive transverse cracking of the pavement slabs. Six-ycar-
old unreinforced pavements with alternate expansion and contraction 
joints had from 100 to 180 per cent more transverse cracks than the 
comparable pavements which had only contraction joints. In the 
limestone pavements the difference was 4.7 cracks per 1000 feet, and 
in the gravel aggregate pavements it was 16.4 cracks per 1000 feet. 
This is the same as saying that a change from contraction joints only 
to alternate expansion and contraction joints was accompanied by an 
additional crack every 212 feet in the limestone concrete, and an ad-
ditional one every 61 feet in the gravel concrete. Also, when the same 
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comparison was made for limestone pavements containing steel mesh 
reinforcing it was found that the alternate expansion and contraction joints were accompanied by an extra crack every 400 feet. 
An experiment was conducted in which the relative number of 
expansion and contraction joints was varied. This was in a pavement 
constructed in 1930 using gravel aggregate ·and no mesh reinforcement. 
The joint interval was 40 feet throughout, but in different sections the 
expansion joints were placed two, three, and four slab lengths apart. 
Recent surveys on these test sections showed, without exception, that an 
increased number of expansion joints was accompanied by an in-
creased number of transverse cracks in the pavement. The average 
number of cracks per thousand feet for these test sections were as 
follows: 11 where only contraction joints were used, 16 where one 
quarter of the joints were expansion joints, 17 where one third were 
expansion joints, and 25 where one half were expansion joints. From 
the trend of the results shown here one might logically infer that had 
another section been added in which every joint was an expansion joint a still greater number of cracks would have occurred. 
Then actually what did happen in the pavements that were built 
the next year, 1932, when only expansion joints were used? To date 
these pavements have not developed any blow-ups. They have, how-
ever, developed a great deal more transverse cracking than compar-
able pavements that had alternate expansion and contraction joints. 
Based on the comparison of gravel aggregate pavements in which 
mesh reinforcing was used, the difference amounted to 7~ cracks per 
thousand feet. This showed that the change in design from alternate 
expansion and contraction joints to all expansion joints had the bad 
effect of increasing cracking by 93 per cent, or of causing an additional 
crack in each 133 feet of pavement. 
Reinforcing came into use before the design was changed to in-
clude only expansion joints, so all of the pavements of the new design 
were reinforced. It was therefore desirable to make some comparison 
to show what influence the steel had on cracking. The results of the 
surveys on some of the 1931 pavements supplied the information. 
The reinforced pavements were found to have 68 per cent fewer 
cracks than unreinforced pavements. The use of the mesh reinforcing 
obviously prevented 17 cracks per 1000 feet in these pavements made 
with gravel aggregate and having alternate expansion and contraction joints. Indirectly this gives proof that pavements which had an ex-
pansion joint every 40 feet would have cracked much worse than they 
did, had it not been for the mesh reinforcing. 
CONFERENCE ON HIGHWAY ENGINEERING-1938 23 
Insofar as the effect on the number of transverse cracks is con-
cerned, it appears that the advantage gained by using mesh reinforc-
ing is hardly sufficient to counteract the detrimental influence of the 
expansion joints. In fact 4Y:!-year-old pavements having both ex-
pansion joints and mesh had more transverse cracks than 6Y:!-year-old 
pavements having no mesh and contraction joints only. 
·why are expansion joints in pavements conducive to an increased 
rate of cracking? Unless there is an adequate theoretical explanation 
there may be some engineers who will miss the significance of the 
results of these or any other condition surveys. 
In pavements with expansion joints at frequent intervals the ex-
pansion of the concrete is practically unrestrained. The individual 
slabs can elongate without developing any appreciable stress. No 
elastic deformation is produced. Advantage is not taken of the facts 
that concrete is strong in compression and that it can safely be made 
to take elastic deformation. After the slabs have elongated without 
restraint any subsequent action of forces tending to cause contraction 
of the slabs immediately develops tension, which is the type of stress 
the concrete is least able to resist. On the other hand, in slabs which 
are given less room for expansion, more compressive deformation is 
developed; then when conditions change, causing a contraction of the 
concrete, the forces which would otherwise cause tension act in a 
large measure only to relieve compression. This results in less real 
tension in the concrete and less time during which tension is present, 
and hence in less cracking and fewer failures. 
The use of expansion joints to provide unrestrained expansion of 
the concrete may also be responsible for a greater number of flexural 
failures. There are several reasons why this may be so. As shown al-
ready, greater stress from direct tension exists in slabs having ex-
pansion joints, and of course this stress is additive with any tensile 
stress caused by flexure. The use of expansion joints permits greater 
movements of the ends of the slabs, and causes great difficulty in 
perfecting load transfer between the ends of adjacent slabs, thus 
making possible increased flexural stresses. The presence of expansion 
joints has been known to have some rather extraordinary effects on 
subgrade soils. The occurrence of wet spots in the subgrade at ex-
pansion joints seems almost inevitable even if designers' claims as to 
the efficacy of sealed joints could be better supported. These wet 
spots may, under some conditions, result in loss of supporting value 
and be responsible for an increased number of load failures, or under 
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other conditions may cause heaving of the soil and warpmg and 
breaking of the pavement. 
Summarizing, we have attempted to show some tendencies re-
sulting from a varied use of expansion joints and of transverse crack 
control by means of dummy joints. Certain advantages and disad-
vantages are suggested for the consideration of the design and re-
search engineers who may be interested. 
The final question which arises in our minds from our study of 
the situation is whether we are not, perhaps, allowing our design to 
proceed according to cut-and-try methods rather than on the basis of 
fundamental research. May not some cooperative effort develop some 
basic data which will assist in the development of a more nearly 
rational as well as a more economical design, and thereby obviate 
the risk that the cure used to restrict one defect may produce other 
more detrimental and objectionable results. 
SUMMARY OF COMPARISONS DERIVED FROM PAVEMENT SURVEYS 
Paveme~t Type Per 1000 Ft. 
Averages Miles Crack 
From Aggregates Sur- Age Joints Interval, 
Group vcyed Reinforce- Cracks feet 
ment Joints Cracks Pre-
Type spacing vented 
---- ---- ----
---
L-1. ......... Limestone 60 5 None None .. .. 10.6 . ... 95 
L-1. ......... Limestone 60 l!Yz None None {40 
15.0 67 
1-3 .......... Limestone 37 6Yz Contraction Contraction 
25 4.6 6.0 .. 
80 12.V. 4.6 6.0 .. 
G-1. ......... Gravel 50 5 Contraction None .. .. 26.1 . ... 38 
G-1 .......... Gravel 39 11.V. Contraction None so 
34.5 29 
G-3 ........... Gravel 71 6Yz Contraction Contraction {20 
3.0 23.l .. 
40 25 9.0 17 .1 .. 
1-3 .......... J,imestone 37 6Yz Contraction Contraction 40 25 4.6 .. 
L-4 .......... Limestone 56 5Yz Contraction Alt.E-C 40 25 9.3 -4.7 .. 
G-3 .......... Gravel 21 6Yz Contraction Contraction 40 25 9.0 
-i6:4 .. G-4 .......... Gravel 50 6 Contraction Alt. E-C 40 25 25.4 .. 
L-2 .. : . ...... Limestone 8 7 Mesh None 9.5 1.5 
L-6 .......... Limestone 8 6Yz Mesh Contraction {40 25 
0.5 9.0 .. 
80 12.V. 0.5 9.0 .. 
1-3 .......... Limestone 37 6Yz None Contraction 40 25 4.6 .. 
L-5 .......... IJimcstone 37 5 Mesh Alt. E-C 40 25 7 .1 -2.5 .. 
G-3 .......... Gravel 21 6Yz None Contraction 40 25 9.0 .... .. 
G-5a ......... Gravel 21 5 Mesh Alt.E-C 40 25 8.0 
....:7:5 .. G-5b ......... Gravel 30 5Yz Mesh Expansion 40 25 15.5 .. 
G-3 .......... Gravel 21 6.V. None Contraction 40 25 10.6 .. 
G-4 .......... Gravel 4 6Yz None 1E&3C 40 25 15. 7 - 5.1 .. 
G-4 .......... Gravel 4.V. 67',l None 1E&2C 40 25 17.1 - 6.5 .. 
G-4.. ........ Gravel 10Yz 6 None Alt.E-C 40 25 24.9 -14.3 .. 
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IV. TRENDS IN DESIGN AND CONSTRUCTION 
OF CITY STREETS 
GEO. H. BAKER* 
City street design and construction is changing continually, just 
as is highway design, and practiCally all of the new ideas and im-
proved methods being used in highway design and construction are 
being incorporated into city street work. 
The fact that there was a practfoal cessation of city street im-
provement from about 1928 to about 1934 makes changes in trends 
in city work more conspicuous than in highway work. 
There are some changes, however, in city street work, which are dis-
tinguished from changes in highway work. These are caused by very 
marked changes in circumstances governing city work between the 
cessation of activities in 1928 and the present time. These circum-
stances are: 
(1) Greatly lowered property values and lower .earning capacity 
of property 
(2) The fact that most city street improvements are the im-
provement of streets that already have a pavement, but one which 
has worn out or become inadequate in width 
(3) Greatly increased vehicular traffic 
(4) The distribution of Motor Fuel Tax and W.P.A. funds to 
cities. 
The first condition, that of lowered property values, has almost 
entirely prevented special assessment work. Under special assessment, 
improvements were made not so much from a standpoint of general 
traffic necessity, but more from the standpoint of the convenience and 
pride of the individual property owner. Now, the only funds available 
are general funds, such as Motor Fuel Tax, P.\V.A., State, or County 
contributions. The location of the expenditure of these funds is under 
the jurisdiction of the general governing body of the city, or of the 
state or county authorities, and the money is, therefore, spent strictly 
according to traffic needs' on arterial streets carrying heavy traffic. 
The second condition, which is the fact that most city improvements 
today are on streets whi~h have already been paved, has resulted in 
a great deal of resurfacing in order to salvage as much as possible of 
*Engineer of County Roads and City Streets, Illinois Division of Highways. 
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the existing pavement. This, in turn, has resulted, in what many 
engineers might term unorthodox design . 
. The third feature, that of increased vehicular traffic, has of course 
had more influence than anything else on trends in design. The most 
important of these are: 
(1) Rational desigri for width, taking into consideration lanes 
of at least ten feet for moving traffic and lanes of at least eight feet 
for parking 
(2) Reduction in the amount of crown used 
(3) Increased intersection radii, both at street intersections and 
at private entrances 
( 4) More attention being paid to working crown out at 
intersections 
(5) More attention being paid to curb heights, where curbs are at 
the sidewalk edge 
(6) Fewer summits and inlets in the gutter 
(7) Reduction of sidewalk widths where it is necessary to get 
adequate pavement width. 
·The fourth condition, which is the fact that many funds have 
been made available to small villages, has brought into rather com-
mon usage the use of low types of improvements in city work. I mean 
by that, oiled earth surface with blotter treatment, gravel, stone, light 
surface treatments, etc. This has been a fine thing. In the past, when 
only special assessment was available, it was generally a high-type 
pavement or nothing. It was generally nothing in the small villages. 
Now a great many purely residential streets are getting all-weather 
surfaces instead of plain mud. 
These I believe are the general changes in trends in construction. 
V. TRENDS IN DESIGN AND CONSTRUCTION OF 
SUBURBAN THOROUGHFARES 
B. C. McCunoy* 
A motor journey is diyided into three stages: slow progress through 
the congested area of the city, a speeding up through the suburban 
zone, and full speed in the open country. 
The ·design and development of a modern trunk highway through 
the suburban zone is complicated by many conditions now present or 
anticipated. 
We will examine the situation where the highway follows a route 
that has previously been partially improved, and therefore has been 
developed to a considerable extent. In this instance the highway 
is bordered with numerous residences and scattered business establish-
ments, the right of way being fixed in width by the adjoining build-
ings. In this case, as in others, the first consideration will be that 
of safety both to the motorist and to the residents of the neighbor-
hood; speed must necessarily be a secondary consideration. 
A few practical examples of recent designs in the East St. Louis 
area will be discussed. West Main Street, in the City of Belleville, 
continues on its way into East St. Louis over State Street, an old 
turnpike about ten miles in length, between the built-up sections 
of both cities. On West Main Street, the City constructed in 1916, 
by local assessment, two reinforced concrete slabs 19 ft. 6 in. in width, 
that flanked a center strip formerly occupied by street car tracks, 
this center strip having a width of 21 feet. Until very recently this 
street was without sidewalks, but the County of St. Clair has com-
pleted the construction of five-foot sidewalks, with the result that 
the right of way on the street has been widened uniformly from a 
minimum of 66 feet to a width of 80 feet; and, in addition to the con-
struction of the sidewalks, the County has planted trees between th,e 
curb and the sidewalk of a variety that will not interfere with over-
head wires and underground works. The State of Illinois has recently 
awarded a contract to improve the unpaved 21-ft. center section by 
the addition of two slabs, each 8 feet in width, separated by a part-
ing strip 5 feet in width, this parting being curbed with low curbs; 
a grass plot, 4 feet in width, thus separates the two lanes of traffic. 
Here the prime consideration was to separate opposing lines of traffic, 
*County Superintendent of Highways, St. Clair Co., Ill. 
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and to provide a safety island throughout the entire length of the 
improvement, except at intersecting streets, which would help pedes-
trians, particularly school children and church-goers, to cross the 
street and thus eliminate the necessity for numerous pedestrian under-
passes. West Main Street lies along the summit of a narrow ridge 
that limits the width of territory that may be developed for residen-
tial purposes. Therefore; it may be expected that speeds of 40 miles 
per hour, or more, will prevail. 
. In the case of State Street, East St. Louis, which is a continuation 
of West Main Street in Belleville the flanking slabs of concrete are 
18 ft. in width and the center, unpaved area, is 20 ft. in width. In 
this instance, the State proposes to pave solidly between the slabs, 
except for safety islands placed on each side of important intersecting · 
streets, these safety islands to be raised 7 inches above the adjoining 
pavement slab, to be 4 ft. in width by 12 ft. in length, and oval in out-
line. In this improvement, the County has, as in the case of West Main 
Street, proceeded to improve and widen the right of way by building 
sidewalks. Sidewalks are considered an important and very necessary 
feature in all suburban highway developments. Their use increases the 
effective width of pavements, and they are absolute necessities from 
the standpoint of safety. In this instance, there is a very close ques-
tion as to whether the pavement should be divided by a parting strip. 
There is a large area that is tributary to State Street that may be 
developed into a th.ickly built up area,· thus increasing the volume 
of traffic on the pavement available on State Street and thereby cut-
ting down future automobile speeds to less than 30 miles per hour. 
The use of parting strips depends upon the future speed of vehicles 
on the highway. If the district through which the highway passes is 
likely to remain a suburban development, the use of a parting strip 
is highly desirable, and an effort should be made to control cross 
traffic by providing cross openings only at intervals of 1000 feet or 
a quarter of a mile, thus creating major blocks. 
South of East St. Louis is the industrial community of Monsanto 
through which has been constructed a 40-ft. pavement with 10-ft. 
shoulders .. This highway is constructed on an embankment, about 
3 feet in height. Bordering the highway for a distance of about 1000 
feet is a block of houses constructed by one of the industries. It has 
been found satisfactory by the village to construct a low-cost bitu-
minous surface 22 feet in width at the grade of the adjoining land, 
thus preventing parking on the through route and limiting access by 
the adjoining residents to the trunk line, except at the 1000-ft. inter-
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val. Thus the trunk line is truly a thoroughfare, and the trend w.ill 
be to preserve its high speed characteristics, without being menaced 
by the adjoining development. In this particular case the highway is 
lighted with sodium vapor lights. These units are highly desirable 
for trunk line highway traffic, but are not desirable for use as general 
street lighting. In case of a commercial development along with the 
residential development it should be supplemented by sodium vapor 
ornamental street lights placed along the auxiliary roadway. 
It has been demonstrated that the construction of a 40-ft. pave-
ment on a wide roadway in a suburban zone will not suffice. Such a 
pavement fails to meet the requirements of safety for trunk line 
traffic moving in opposing directions, and its accessibility by traffic 
·from adjoining subdivisions renders it obsolete, to the traveling pub-
lic's dismay. Such a pavement was the scene of a head-on collision, 
during the daylight hours, on a straight pavement, within a few miles 
of East St. Louis, during the past month, which resulted in 5 deaths: 
The public will not tolerate this sort of design nor supply money 
for such construction. 
From the foregoing, I would suggest that the trend of design .in 
the case of a trunk line highway being located or improved through 
an area that is now open country and likely to become suburban in 
character, shall be that the trunk line pavement be carried approxi-
mately 3 feet above or 3 feet below the general land level; and that 
provision be made for two slabs each 24 feet in width and separated 
by a 20~ft. parting strip, to be planted with low growing shrubs. The 
slabs should be flanked with 8-ft. shoulders, and the main highway 
be lighted with sodium vapor units at 225-ft. intervals, staggered. 
Provisions should be made for the construction of parallel auxiliary 
roadways, at the general level of the abutting pr~perty, these road-
ways to be of low-cost construction, with a provision for 5-ft. side-
walks, all on a right of way, whose width is not less than 140 feet; 
a further provision should be made for ornamental tree planting on 
a line 5 feet beyond the right of way line, and a building line of not 
less than 20 feet should be fixed: The auxiliary roadway, with orna-
mental street lighting to be placed between the curb of the ornamental 
roadway and the sidewalk, should be built by local authorities as the 
suburban development progresses. 
Where feasible, opposing lines of traffic should be separated by 
at least 20 feet as a means of removing the annoyance to drivers of 
the noise created by the opposing line of traffic. If right of way does 
not permit, this parting strip may be narrowed to 3 feet, but in all 
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cases it should not be pierced by intersecting roadways or be acces-
sible from auxiliary or service roadways, except at intervals of 1000 
feet or more, even if it means that present and future streets will be 
dead-ended. 
Trunk highway authorities have been playing a game of hide and 
seek during the past twenty years. New highway trunk lines are 
opened and designed for through traffic, no provision being made to 
maintain their high speed characteristics. The overflowing city spills 
along these trunk line routes and comes to rest along the highway itself. 
Within a few years after its completion the highway has changed 
the pattern of the country through which it passes, from rural to 
suburban, and the pavement is choked with local traffic. Then the 
game begins again by the trunk line highway authorities seeking a 
new route, which despite their efforts in the past, suffers the same 
fate as its predecessor. It would not be nearly so serious a matter if 
these highways did not leave in their wake, when they are abandoned 
as trunk lines, a string of small business enterprises, stranded and 
helpless. The resulting economic loss is immeasurable. I do not recom-
mend that these trunk lines be retained 'for the purpose of preserving 
these enterprises, but a highway should be so designed as to minimize 
these losses. The effects of these shoe-string developments along trunk 
line highways reach further by complicating the rendering of other 
public services, such as water, light, and sewage .. 
Trunk line highway authorities have a moral obligation that ex- · 
tends beyond merely rendering temporary service to the motor vehicle 
user. We are all well acquainted with the criticisms that have been 
directed at the reckless and ill advised railroad developments that 
took place in this country following the Civil War. The thoughtless-
ness with which such lines were opened up has since been considered 
almost criminal. The Counties, as local authorities, have the tools 
· in their hands to cooperate wi'.th the trunk line highway authorities in 
promoting a healthy development in the territory adjoin~ng, particu-
larly new trunk lines. The County Boards have authority to zone 
and to establish set-back lines. For the county authorities to proceed 
without the sincere and tempered judgment of the trunk line highway 
authorities might easily make conditions worse instead of better. The 
problem resolves itself as follows: 
The trunk line authorities have the right of initiating and the final 
decision in the location of their thoroughfares. The responsibility 
lies with these authorities to make an intelligent study of the effect 
of constructing such arteries. This study should become intensive in 
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the fringe about our cities. The population trend and industrial 
development of the community should be studied. The present 
and future use of the land must be considered, the possibility of the ex-
tension of common carrier services over the new highway must .be 
anticipated. It has been found both desirable and necessary in the 
development of the State Highway Department during the past 20 
years that the chief engineer have at his disposal, not only the advice 
of technicians in road design, construction, maintenance, and materials, 
but also mechanical engineering and architectural advice. There has 
been developed to a superlative degree the technique of the design 
of pavement slabs and structures, but it would appear that the design 
of the highway from the standpoint of its future use has been a rather 
hit and miss affair. It is logical that the chief engineer should also 
have the benefit of social and engineering technical advice, as to the 
effect of the proposed highway upon the pattern of the territory 
through which it is constructed. 
I do not advocate that every highway out of every city be built . 
with the anticipation of suburban development; that is just the thing 
I wish to avoid. But it is necessary to intelligently anticipate whether 
the territory will remain as it is, or whether it will be developed by 
industry or as suburban residential. 
VI. TRENDS IN DESIGN AND CONSTRUCTION OF 
TRUNK HIGHWAYS 
H. E. SURMAN* 
This subject brings to mind an inspection trip during the fall of 
1920 when the county superintendents of highways of the northwest-
erly and northeasterly conferences inspected road work in the State of 
Wisconsin. In paying our respects to the Wisconsin Highway Depart-
ment, while in Madison, Mr. A. R. Hirst suddenly asked: "Surman, 
what is going to be the spring style in concrete pavement design !n. 
Illinois?" This was during the period of the Bates Road Experiment 
and numerous changes in the structural design of pavement had al-
ready been made as the result of those tests, and Mr. Hirst evidently 
felt that it was about time for another change. I mention this incident 
to accentuate the fact that there have always been changes in the 
design and construction of our pavements. This is a good sign, and 
indicates that engineers generally are keeping up to date in changing 
to meet new conditions. This is just as important today as it was 
in 1920. 
While in 1920 the changes applied mainly to the structural' design 
of the pavement, today most changes are necessary because of safety 
considerations. This is due to the fact that cars today travel at much 
higher speeds than those of only a few years ago. Design and con-
struction policies must therefore be changed to bring them into line 
with new conditions created by the manufacturers of automobiles. 
Principal trends in this direction are the design of the trunk highway 
system on the basis of higher speeds. This does not mean that we are 
encouraging the use of higher speeds upon our highways. On the con-
trary, we must use a higher design speed in planning our roads so that 
the highways will be safer for the traveling public regardless of what 
actual traveling speed is employed. This subject of design speed has 
been discussed by the writer in detail on previous occasions and will be 
referred to here only briefly. It should be emphasized that it is up to 
the engineer to assume a design speed before it is possible to solve 
the problems of alignment, sight distance, and super-elevation, all of 
which have a primary effect upon safety. The design sp.eeds assumed 
for the various classes of trunk highways should be higher than the 
average speed of the faster drivers of today. Unless t.his is done, our 
*Engineer of Design, Illinois Division of Highways. 
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roads of today >vill again be obsolete in from fifteen to twenty years, 
and there will be no slack in which to adjust the pavement to meet the 
conditions at that time. Therefore, to meet this condition, the Illinois 
Division of Highways about a year and a half ago adopted the policy 
of planning dual-lane highways for a design speed of one hundred 
miles per hour, two-lane highways carrying from 1500 to 4000 vehicles 
per day, for a design speed of eighty miles per hour, and two-lane 
pavements carrying less than 1500 vehicles per day, for a design speed 
of seventy miles per hour. These design speeds are used in level or 
rolling country. In hilly topography the design speeds are reduced to 
80, 65, and 60 miles per hour, respectively, for the three classes of 
highways mentioned. The most forceful-arguments in favor of select-
ing higher design speeds are (1) to afford a greater degree of safety, 
and (2) to avoid obsolescence. 
The question of obsolescence is important because of the tremen-
dous costs involved. A break-down of costs on 120 miles of 20-foot 
concrete pavement built in Illinois during the last few years indicates 
that approximately forty-five per cent of the cost of the completed 
highway is made up of the so-called permanent features of the high-
way, including right of way, grading, culverts, bridges, and landscap-
ing. Most of the trunk-line highways built during the early days of 
large-scale construction in this state must be entirely relocated when 
they are re-built, with one hundred per cent loss of investment of 
the permanent features of the highway. If, therefore, we now build 
our highways for a higher design speed than that in use today, we will 
create a factor of safety with which to make adjustments in the future 
in case they become necessary, without losing any of the value in the 
above-mentioned permanent features of the highway. This can be 
done by constructing highways with curves longer than the minimum 
required under the above-mentioned design speeds. This will permit 
the use of super-elevation below the minimum. Therefore, such a high-
way can be adjusted to higher speeds in the future by simply in-
creasing the super-elevation accordingly, without losing any of the 
value invested in permanent features. This is exactly what the 
trunk-line railroads did when they adjusted their track facilities for 
the higher speeds of the stream-lined trains. Fortunately, railroad 
engineers used long enough horizontal curves so that, in making the 
adjustment· for higher speeds, all that was necessary was to increase 
the super-elevation of_ the curves in order to acco~modate the higher 
speed traffic with safety. Reduced super-elevation in combination with 
flatter horizontal curves has the additional advantage of catering to 
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the slow-moving traffic, as well as to the fast-moving traffic; that is, 
this policy caters to the safety of all classes of traffic. 
Another important trend in the design of trunk-line highways is 
one towards increasing the sight distance. This is necessary for two 
reasons: first, because the center of gravity of the· automobile has 
been lowered, thus necessitating a revision in the line of sight to 4Y:i 
feet above the surface of the pavement instead of the 5 feet formerly 
used; and secondly, because of the use of higher design speeds. The 
length of sight distance required is approximately ten times the de-
sign speed, except that, when this speed exceeds seventy miles per 
hour, the sight distance increases somewhat more th~n ten times. 
These figures refer to a safe-stopping sight distance. In order to 
provide for safe passing of cars moving in the same direction, it 
would be necessary to increase the length of sight distance very ma-
terially. This would cause a tremendous increase in the cost of high-
ways even when moderate grades are involved. It is therefore ob-
viously out of the question to provide safe-passing sight distances 
throughout the entire highway system. However, it should be borne 
in mind that in many cases, where flat grades of one or two per cent 
are involved, safe-passing sight distances can be obtained with only 
a nominal additional expense, an~ in these cases they should be pro-
vided. Also, in rolling country it is very important that the highway 
be located so that safe-passing sight distances will prevail at rela-
tively short intervals. This is deemed to be an important safety 
feature in connection with the impatience of the average motorist 
when compelled to go slower than his desirable cruising speed. 
Another recent trend is one towards the provision for set-back 
lines. This is usually handled by a set-back ordinance passed by the 
County and requires that any improvements built in the future are 
to be located in back of a certain line designated in the ordinance. 
This is specified as so many feet from the center line of the highway. 
This is an excellent method of reducing right of way costs in the 
future, and is recommended as a necessary action by all counties. 
It is hoped that more of the comities will give this consideration in 
the near future, and present such an ordinance for consideration to 
their county boards. 
A trend which has not yet matured but which must be provided 
for in the future is one towards providing some sort of zoning or-
dinance in order that the State might maintain present advantages 
in the location of highways. As Mr. McCurdy, the previous speak-
er, has pointed out, we construct a belt line around a city, and in a 
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few years it is cluttered with filling stations, taverns, and an assort-
ment of road-side stands which destroy the value of the belt line. In 
other words, after a belt line is constructed, if some restricting in-
fluence is not exercised over the development of the abutting property, 
in a few years, the belt line will be cluttered just as badly as the 
original route, defeating the very object of its construction. It seems 
to the writer, also, that the State should not be penalized in having 
to pay for the increased values of abutting lands created by the State 
·in constructing the original highway. This will make a material inroad 
into available funds as we proceed with a larger modernization 
program. 
As stated at the beginning of this talk there have been continual 
changes in policy with respect to the design and construction of our 
highways. In general, the changes that have been introduced during 
the past few years have had the object of increasing safety for the 
average good driver. Such changes as designing and constructing 
wider pavements with longer curves, with the sharper curves spiralled, 
with longer sight distances, with wider bridges with sidewalks, and 
with wide shoulders, fiat slopes, and shallow ditches, the construction 
of railroad and highway grade separations, the provision of guard 
fences, and the erection of signs and signals, etc., are all for the 
purpose of promoting greater safety: In general, the trend is toward 
additional changes to accommodate ever-changing conditions. If 
similar steps are taken in the future to teach the driver to be more 
careful and more alert in the use of the highways, there is no question 
but that a very material reduction can be shown in the number of 
accidents upon the highways. 
VII. TRENDS IN DESIGN AND CONSTRUCTION 
OF SECONDARY AND LOCAL ROADS 
T. J. BoNDERER* 
There is an apparent necessity for speeding up the rate of im-
provement of secondary and local roads. Factors affecting this work 
are local funds available, cooperation of highway officials, relative 
. ratio of improved local or township roads to improved secondary or 
county roads, traffic studies, day labor construction, federal aid pro-
vided for by Congress, and others. 
·Local funds for this work are derived by direct taxation on the 
real and personal property, and by allocation by the state of the 
motor fuel tax. Where these funds are plentiful, the design will ac-
cordingly be of such makeup as to include improvements of a more 
or less permanent nature. Where these funds are scarce or compara-
tively small, less expensive types of improvements will, no doubt, be 
given consideration. · 
The cooperation of highway officials in this work is necessary. 
The Bureau of Public Roads has approval rights over the design and 
construction of secondary, farm-to-market roads sponsored by .the 
state. The state has approval privilege over design and construction 
of secondary roads sponsored by the county. The county has approval 
privilege . over design and construction of local roads, especially 
those financed by bond issues of 'the township. In addition to those 
regularly assigned, and to which I have just referred, we have inter-
mittently and at scattered locations officials of W.P.A. and P.W.A. 
having certain official connections with the design and construction 
of these roads. Certainly it would appear that we are not lacking in 
the number nor in the classification of officials engaged in this par-. 
ticular work. With this state of affairs comes greater opportunity 
for lack of harmony. Compromise among these officials may occasion-
ally be essential and sensible. The official carrying approval privileges 
should always give careful consideration to the viewpoints of the 
official submitting, be he representing the county, state, or nation. 
Only by the harmonious . action of all the officials involved will the 
building of the roads be accelerated to the maximum degree. 
The ratio of improved township or local roads, including those 
which may reasonably be expected to be improved in the near future, 
*Co~nty Superintendent of Highways, Warren County, Ill. 
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to county unimproved roads may have_ an effect upon the design of 
the county roads. In cases where townships are leading the county in 
its road building program it may become necessary for the county 
to adopt at various locations a temporary design rather than a more 
permanent one. 
Traffic studies may be used in connection with this work. The 
designer of secondary or local roads in Illinois does now have available 
such data as have been collected or compiled by the State and United 
States Bureau of Public Roads relating to traffic. Local officials 
who have almost daily contact with local roads know quite well their 
usage by traffic. The traffic studies report does, however, aid the 
official whose duty it is to approve, amend, or disapprove the plans 
submitted for improvement. 
Day labor construction is playing an important part in the 
construction of secondary and local roads. It has accelerated the 
work. Additional mileage of completed improved roads has resulted 
from this method of building as compared with the results which 
would have been obtained had the contract method been used. Again 
and again it has been demonstrated that proper secondary and local 
road building equipment placed in the hands of local highway officials 
has been operated by them fully as well as by the general run of con-
tractors performing this particular class of work. Boards of super-
visors especially have responded and are responding, promptly in the 
furnishing of such equipment as is needed. I feel confident that, even 
though the annual motor fuel tax revenue of a county be ns low as 
$25 000, the county could well afford to own and operate a complete 
modern earth-moving unit, such as the elevating grader type, with 
tractors and accessories. This method seems to be popular in counties 
where funds are comparatively scarce, and is becoming increasingly so. 
The expectancy of money from the federal government to be used 
in the construction of farm to market roads, may tend to influence the 
local designer in his problem. At present he is gambling as to the 
extent of such aid as may from time to time be given by the govern-
ment toward this work. For the first time in history, however, Con-
gress has appropriated a definite amount for the specific purposes of 
secondary or farm-to-market road construction. The design, however, 
for these particular roads as apparently requested by the Bureau of 
Public Roads has often been, in the opinion of local designers, 
rather elaborate, involving expensive construction. More mileage 
from this source at lesser cost per mile has often been the dream of 
the local highway official. 
,· 
.• 
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After having brought to your attention the major factors, at least, 
affecting the design and construction of these roads, I shall devote 
the remainder of my time to "what can a county do which has an 
appreciable amount of its secondary roads unimproved?" 
First,-by day labor or by contract method it can proceed with 
its construction work, building annually such mileage as its motor 
fuel tax will permit; Such work would be under state supervision 
and guidance. The roads would be built more or less permanently. 
Grade lines and likewise drainage structures would have to be brought 
in line with the improvement. This would, no doubt, frequently in-
volve the building up of roadbeds as well as the widening of them. 
The building of drainage structures as well as the widening of those 
already built would also frequently occur. This may result in a rather 
slow pace. Adoption of this method may find the particular county 
trailing the township in its road surfacing progress. Such cases al-
ready exist and may be increased if this method is pursued. Narrow-
er roadway widths than have heretofore been used or advocated, where 
traffic studies warrant their usage, would tend to increase the mileage 
of surfaced roadbeds. 
Second,-additional funds can be provided through the issuance 
of bonds. The bond issue, though limited by statutes, could, no doubt, 
usually be of such size as to permit the improvement of all of the 
unimproved county. roads. Such procedure requires the approval of 
the state, whenever it is intended to use motor fuel tax funds for in-
terest and bond retirement, and it also must have the approval of the 
voters of the county, such approval to be obtained at an election in 
which the voters have cast their ballots for or against the issue. 
The method of improvement ·would be the same as stated in the 
previous paragraph. 
Third,-rather than proceed along the two methods mentioned, 
the county may use one or two years' motor fuel tax fundf? exclusively 
for producing or buying and spreading gravel or crushed stone on 
roadbeds as they now exist. Many or all of these roads have been 
maintained by patrol system or otherwise ever since the Mentz Act 
went into effect in 1921, and are or ought to be in such shape as to 
serve in this temporary work. Such procedure, however, would re-
quire the approval or consent of the state. 
The first and last of these three methods of procedure would 
be on the pay-as-you-go plan. One or other of those two methods 
would no doubt be followed in localities where the voters hesitate 
to increase public indebtedness. Method one, that of constructing 
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annually the more or less permanent type of highway has the disad-
vantage of slow progress. Method three, that of applying surfacing 
material on the existing temporary roadbeds has the disadvantage 
of loss of surfacing material which will occur when the highway at 
a later date is more permanently improved. Insofar as I have thus 
far been able to determine, the cost of this surfacing material lost 
without taking into account the benefits which would be derived from 
its usage, would be somewhat less than the interest which would be 
involved in the bond issue method. This determination is based upon · 
bonds extending over a ten-year period. The temporary surfacing 
is based on 700 cubic yards per mile, while the more or less permanent 
improvement plan would specify 1200 cubic· yards per mile. 
The citizens residing on our unimproved state aid road system are 
contributors to the building of local or township roads. They also 
have contributed to the construction of the primary road system and 
to the thus-far-improved state aid roads. Good sportsmanship, as 
well as social and economical considerations indicate that we should 
improve our non-improved state aid roads now. 
VIII. THE COLLAPSE OF THE KENNEY BRIDGE 
L. E. PHILBROOK* 
Among the new roads planned in Illinois is one running in a north-
easterly direction from Springfield through Mt. Pulaski, Kenney, and 
Clinton to Fullerton, where it will connect with Route 48. When 
completed, this road will afford a .continuous highway, paralleling the 
Illinois Central Railroad, from Springfield to U. S. Route 45 at 
Onarga, and thence to Chicago. 
The heavy grading has been completed from Clinton to Fullerton. 
The only other work under contract on this road is a bridge over 
Salt Creek, about 4 miles northeast of Kenney. The entire substruc-
ture of this bridge had been finished and the concrete for more than 
half of the superstructure had been poured when, in the early morn-
ing of December 30, 1937, fire. destroyed the supporting falsework, 
resulting in the complete destruction of the superstructure and serious 
damage to two of the piers. 
This bridge is to be a four-span, continuous, reinforced concrete 
deck girder structure with reinforced concrete piers and abutments. 
As an underlying stratum of hard, dry clay. affords adequate support 
for the bridge; foundation piles were not necessary. 
The abutments are of the open type. The intermediate piers are 
solid up to an elevation one foot above high water line. Above this 
level, the design provides two arched openings on two piers, but on the 
third pier height does not permit these openings, and a solid section 
is used up to the girder bearings. 
The superstructure provides a 24-foot roadway with a two.:.foot-
wide safety walk and concrete railing on each side. The two end 
spans are 83 ft. 3 in. and the two intermediate spans are 111 ft. 4 in. 
center to center of bearings. The total overall length of the bridge 
is 393 ft. 2 in. 
ID. cross section, the superstructure consists of a 7-in. slab support-
ed on four girders. The soffits of the girders follow a parabolic curve, 
the depth of the girders being 3 feet at the center of spans, and 7 feet 
at the haunches. The girder bearings are fixed over the center pier 
by means of pintels. Rollers are provided at all other bearing 
points. 
· The reinforcement of the girders follows the conventional pattern 
*Assistant Bridge Engineer, Illinois Division of Highways. 
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used in continuous design. One layer of both top and bottom bars 
was made continuous along the girders, continuity being accomplished 
by lapping the bars at points of low tensile stress under design 
assumptions. For this discussion, it is pertinent to know only that 
these splices occur at points about 30 feet from the centers of the piers. 
In pouring the superstructure, transverse construction joints were 
permitted. Every other such joint was a shrinkage joint, made by 
placing two bulkheads about 3 feet apart across the deck. The gap 
thus formed was not poured until the concrete in the adjacent sections ' 
of the superstructure had set. The purpose of these joints was to 
break the continuity of the concrete and prevent cracks due to shrink-
age during the setting period. For lack of a better name these joints 
have been dubbed "shrinkage plugs." The joints have been described 
only as construction details. The evidence is that no primary failure 
occurred at any construction joint .. 
Concreting of the superstructure had been done during the last 
half of December. During curing, the upper surface of the slab had 
been protected by a covering of straw. Heat had been furnished from 
salamanders placed below the deck. On the night of the fire, salaman-
ders were being used only under the shrinkage plug just west of the 
center pier. These salamanders were supported by wires well up in the 
false work. 
The .concrete in the deck was from 7 to 14 days old, except that 
the. last shrinkage plug was only 2112 days old. For this concrete, field 
tests indicate an ultimate crushing strength from 3500 lb. per sq. in. 
at 7 days up to as high as 5000 lb. per sq. in. at 14 days. Test beams 
cast with the last shrinkage plug had been exposed to the fire. When 
broken at 4 days, they indicated a crushing strength of only 400 to 500 
lb. per sq. in. These low values demonstrate the deteriorating effect 
of the heat rather than a poor quality of concrete. 
The falsework for the superstructure consisted entirely of timber · 
piles and lumber. The design was not unusual, and the temporary 
supports had proved adequate for their purpose. Like all wood con:. 
struction of this sort, it was particularly vulnerable to the spread of 
a fire once started. 
I undersfand that the falsework and forms were practically com-
pleted for the entire length of the bridge at the time of the fire. 
With this description of the bridge and its construction as pro-
posed we will resort to our pictures to tell you the rest of the story 
much better than I can describe it. 
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In order that you may more easily visualize the bridge as planned 
and the extent of the construction completed at the time of the fire, 
Fig. 1 is from a photographic, copy of the general elevation and plan 
as given on the drawings. · 
From the compass point, it will be noted that the bridge lies 
northeast and southwest. For convenience, we will call the top of · 
the drawing north. 
Construction joints are indicated on the elevation by vertical 
lines, the double lines marking the shrinkage plugs. They occur 
approximately at the quarter points of the spans. 
At the time of the fire, concreting of the deck had been completed 
from the west abutment to a point 27 feet east of the center pier. 
Figure 2 shows a general view of the ruins, looking east from 
the north side of the west abutment. The first thing that impressed 
us was the completeness of the destruction. Later we noticed details 
and began to reconstruct the sequence of events which led to the 
component parts coming to rest as we see them. here. Si!J.ce we have 
no time for prowling about the ruins today, I will point out the most 
significant features as we view the pictures. 
The superstructure broke into four sections of approximately equal 
length. For identification, let us say that the portion in the foreground 
nearest to 1the abutment is Section 1. Proceeding eastward, Section 2 
is balanced over Pier 1, Section ·3 lies on the ground, spanning the 
stream, and Section· 4 is tilted against the center pier. 
The fire started just on this side (west) of the center pier and, as 
the smoke stains prove, extended to the west abutment. According 
to witnesses, the first sign of failure was a sagging of the deck at the 
junction of Sections 3 and 4, marked by the hopper in this picture. 
This was accompanied by an upward bulging or "hump" in the first 
span where the ladder stands. Section 1 was dragged off the bridge 
seat, tore away from Section 2 and fell to the ground. Complete 
rupture at this point appears to have been the signal for the final 
crash. 
The fractures between the various sections occurred, in every case, 
where the reinforcing bars of the girders were ·spliced by lapping. 
However, the fractures differed in detail. 
In this case, if you look along the edge of the slab at the top of 
the ladder, you will see that the slab projects about 3 feet beyond the 
broken ends of the girders. The negative reinforcing bars were spliced 
39 inches at this point. The ends of the bars can be seen projecting 
beyond the edge of the slab. 
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Frn.4 
Figure 3 shows a close-up view of the ends of the slab and girders 
just described. The smaller bars were not spliced and broke in ten-
sion. The slab has been split along a roughly horizontal plane for the 
full length of the splice of the bars. 
The concrete here does not show evidence of damage by fire. Fail-
ure was a question of ultimate strength. 
Figure 4 also shows a general view similar to that previously 
shown. 
In the distance is the east abutment. The white patches on the 
concrete parapet wall are surface spalls from the heat. 
In the last span charred remnants of the falsework remain, while 
in the third span all that is left are the blackened piles. 
Just forward of the abutment stands Pier 3, a little smoke stained, 
but otherwise undamaged. What appear to be concrete columns 
rising from the ends of this pier are the posts for the railing for the 
superstructure. When the deck was poured, notches were formed to 
clear these posts. These notches may be seen along the watertable. 
During the collapse, these notches engaged the posts and broke them 
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off when the deck sections tipped. The broken posts may be seen 
lying on the ground in the various pictures. 
In this picture we also have an excellent opportunity to observe 
the bond developed between the concrete surfaces at one of the 
shrinkage plugs. The near end of the outside girder of Section 2 of the 
deck rests on a vertical timber. If you look closely along the outer 
face of the girder just beyond this timber you can see the two vertical 
construction joints at the ends of the plug. These two joints are intact 
despite the punishment taken by nearby concrete, first at the time of 
the primary fracture and later when Section 2 fell with enough im-
pact to gouge out a large section of the girder as it struck the timber. 
I have said that the end span of the superstructure was dragged 
off the abutment. Before we leave this end of the bridge we will pause 
just a moment to see this condition. In Fig. 5 the bridge seat is largely 
hidden behind the concrete rail posts which were cast with the abut-
ment. The ends of the girders are clearly seen. The total movement 
was more than 3 feet. 
48 ILLINOIS ENGINEERING EXPERIMENT STATION 
FIG. 6 
Figure 6 also shows a general view, but one taken from the south 
side looking west. 
The pier seen in the foreground is Pier 2, at the center of the 
bridge. Notice the arched openings in the top of this pier. The top 
of Pier 1 was of similar construction and was broken off at the top 
of the solid section of the pier. 
Section 4 of the deck has slid off the top of this center pier and 
is leaning against it. 
The fire started just beyond this pier and reached its greatest in-
tensity in the span between Piers 1 and 2. Obviously the inverted 
troughs formed by the girders and slab acted as flues through which 
the flames swept. 
This picture is remarkable in that it indicates the intensity of 
the heat developed and its effect on both reinforcing bars and concrete. 
Note the upper end of Section 4 of the deck from which the bars 
project. The concrete here was poured against bulkheads which have 
burned away. The upper projecting bars are distinctly curled down-
ward. The only explanation for this condition is that the bars be-
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came so hot that they bent of their own weight. They were 11;{-in. 
square bars. 
Considering the deck above the top of the pier, the effect of the 
heat on the sides and bottoms of the girders is plainly visilrle. At the 
lower corner of the second girder from the left, the concrete has 
spalled off exposing a reinforcing bar from the top of the pier to the 
end of the girder. While you may not be able to see it clearly, the 
concrete on the under side of the slab between the girders has dis-
integrated and exposed the slab reinforcement. 
Figure 7 was taken from a point just west of the center pier, look-
ing up at the same girders of Section 4. The diaphragms were origi-
nally on the center line of the pier. The rough patches on the sides of 
the girders are heat spalls. At the extreme left is a section of another 
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reinforcing bar from which the concrete has been completely stripped, 
exposing the bar .. 
Figure 8 is another close-up taken under Section 4 from about the 
same location as the last view, but showing the under side of the floor 
slab. Here again the heat has disintegrated the concrete, causing it 
to spall and expose the slab reinforcement over a considerable area. 
Notice also the condition df the concrete on the side of the girder 
at the right. The white spot on the corner of this girder indicates 
where a piece of concrete was knocked off after the fire, exposing 
a bar. The texture of the fractured surface is interesting. 
We now come to the break between Sections 2 and 3 of the deck. 
Figure 9 shows the condition here in excellent detail. Section 2 lies 
balanced over Pier ·1, while Section 3 rests on the ground below. 
Notice the bars protruding from the end of Section 2. The top 
bars are bent sharply upward, some of them even at right angles to 
the plane of the roadway. The bottom bars are bent downward almost 
as sharply. At the end of Section 3, both sets of bars are bent upward. 
For a time we. were puzzled to explain how the bars could be bent 
both upward and downward at the same_ fracture. 
The larger fragments of concrete suspended by the bars at the 
left are pieces of the safety walk which was not poured integrally 
with the main deck. 
This picture shows a few fairly large pieces of concrete broken 
from the stems of the girders, but, in general, we found that the con-
crete was shattered into small fragments at both fractures in this 
span. These small pieces can also be seen in this picture. 
This shattering of the concrete at the points of ultimate failure 
is illustrated in Fig. 10, taken from the south side of Pier 1, looking 
east. You will notice the pile of small fragments of concrete at the 
near end of the section of the deck lying across the stream, and again 
at the break at the other end of this same section, where the hopper 
is standing. The first sagging of the superstructure occurred, you will 
remember, at the break under the hopper. 
In Fig. 11 are seen, in larger detail, the shattered pieces of concrete 
along the break marked by the hopper in the preceding view. One 
might almost say, from its appearance, that the concrete had exploded. 
I called your attention to the behavior of the double construction 
joints at the shrinkage plug at the west end of Section 2. Figure 12 
is a detail view of a single construction joint through the outside 
girder at the northwest corner of the deck section that lay across the 
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creek. When the west end of this section fell, it buried itself partly in 
the ground. 
Primary failure occurred at and beyond the extreine right of the 
picture. Another complete failure of the girder is indicated by the 
wide ragged crack at about the center. The construction joint is read-
ily identified between these two fractures. There are small diagonal 
cracks also visible. 
This portion of the girder was obviously subjected to a considerable 
shock during the general collapse of the superstructure. 
Unlike the other construction joints previously discussed, the bond 
across this joint is unquestionably broken. 
Having described the failure of the superstructure, we will now 
see how its collapse affected the substructure. 
The two piers were seriously damaged. In both cases we have 
a demonstration of the forces which were generated against the piers 
as the superstructure went down. 
In Fig. 13 we are looking again at the center pier, this time at 
the west face. Section 4 of the deck is leaning against the top of 
the pier. At the top, both projecting railing posts were broken off and 
are seen lying on the ground. But the more serious damage occurred 
in the lower portion of the pier. Just above the ground line are four 
sets of irregularly horizontal cracks along the full length and around 
the end of the solid shaft. 
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FIG. 13 
When the superstructure failed in Span 2, Section 4 was dragged 
off its bearing on the pier and fell diagonally against its top. The 
lower portion of the pier was solid concrete 3 ft. 9 in. thick. The 
reinforcement was nominal, consisting of % -in. bars spaced 18 inches 
apart on both faces. It was about 22 feet from ground line to top 
of pier. 
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Later, the shaft of this pier was exposed by excavation to the top 
of the footing and found to be plumb and sound from an elevation 
slightly below ground line. It was cut off and has been rebuilt above 
that level. 
Figure 14 shows Pier 1, the first pier from the west abutment. 
Section 2 of the deck is lying above it. 
The standing portion of the pier is the solid stem. The concrete 
block lying on the ground to the right originally stood 12 feet high 
on top of the pier. It has the double, arched openings similar to the 
top of the center pier. The bearing for Section 2 of the deck was at 
the top of the combined sections. 
During the failure of the superstructure, Section 2 was tilted 
downward to the left, the top portion of the pier was overthrown, 
and the deck fell back to the position it occupies in the picture. 
An interesting corollary is found here. The rail post is seen on 
the ground to the left of the pier. This post was broken from the top 
of the pier when the deck section first tipped and while the 12-foot 
top section still stood intact on the shaft of the pier. 
After inspecting the wreckage, we found it illuminating to make 
a small diagrammatic model of the bridge in order to follow the se-
quence of events during the night of the fire. Thfoking this model may 
be of interest to you, it has been reproduced to scale (see Fig. 15). 
In silhouette we have the west abutment, Piers 1 and 2, the su-
56 ILLINOIS ENGINEERING EXPERIMENT STATION. 
PO$ifion I 
Position 2 
Position· 4 
Posif-/on 6' 
Frn. 15 
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perstructure in two spans and extending 27 feet into the 3rd span, 
and the approximate profile of the ground line. Imagine the false-
work in place._ Salamanders, with fires burning, are suspended in the 
falsework, say 25 to 30 feet west of Pier 2. It is reported that, at 
about 12 :30 A.M. flames were noticed by the crew of a passing train 
and reported at Kenney. At about 3:30 the final crash occurred. The 
fire, then, burned for at least 3 hours before failure. 
As the falsework in Span 2 burns, it gradually fails. A sag occurs 
in the deck in this span accompanied by a "hump" in Span 1. Let us 
reproduce this condition on the model (Position 1). 
Why did the deck sag at the splices in the girder reinforcement? 
If the bridge had been completed and under traffic, the stresses at 
these splices would have been relatively low for any condition of 
loading. For the incomplete structure, if the temporary supports 
are removed, the stresses have become very much higher. A lapped 
splice depends for its strength on the strength of the concrete along 
the lap. In this case the concrete was so seriously damaged by the 
heat of the fire that it was not capable of resisting the stresses im-
posed and failure resulted. 
At the "hump" in Span 1, the condition is different; the concrete 
was not greatly injured by the fire. The abnormal condition now 
existing at this point was also not contemplated in the design. Failure 
was a question of ultimate strength, and was fully justified by the in-
tensity of stresses calculated for a condition which undoubtedly ex-
isted at some time before the final collapse of the superstructure. 
Section 1, therefore, breaks away and falls to the ground 
(Position 2). 
No longer supported by adequate falsework and relieved of all 
counterpoise, the deck continues to bend on the sag line but the 
girder bars still bind Sections 3 and 4 together. Section 4 is tilted at 
a steep angle and slides off its bearing on Pier 2. 
This action continu~s with increasing momentum until the apex 
of the angle formed in the deck strikes the ground (Position 3). 
The impact, combined with other forces developed during the 
fall, have created a thrust against the top of Pier 2. Bending stresses. 
have been induced in the pier which have caused the cracks along 
its shaft just above the ground line. 
Simultaneously these same forces have caused a new fracture to 
develop between Sections 2 and 3, and the deck is now sagging 
rapidly along the line of this break. 
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Still bound to Section 3 by the girder bars, Section 2 rotates about 
Pier 1 until the west end of Section 3 strikes the ground (Position 4). 
This definitely accounts for the fact that the top bars projecting 
from the east end of Section 2 were bent upward as seen in the 
picture. 
Now the thrust against the top of Pier 1 breaks off its upper por-
tion and throws it to the ground on the west side of the pier 
(Position 5) . 
Deprived of all lateral support, Section 2 falls back against the 
remaining shaft of the pier, tears itself away from Section 3 and 
rotates to rest above the broken pier (Position 6). In pulling away 
from Section 3, the ends of the bottom bars of Section 2 are bent 
downward. 
This has been a crude geometrical presentation in slow motion 
of action, most of which probably took place in seconds. At any 
rate, we have taken the original construction, broken it into pieces, 
and, by a fairly logical movement of each piece, brought them all to 
rest in the disordered positions they finally occupied. 
In this university atmosphere, old school habits come back to us, 
and I am irresistibly impelled fo close this demonstration with the 
old familiar letters Q.E.D. 
IX. HEAVY TYPES OF BITUMINOUS SURFACES 
ALEX. ANDERSON* 
The secondary highway has recently been brought into the lime-
light for several reasons. 
In our own state of Illinois the bond issue roads, which have re-
ceived the major attention of our State Highway Department, have 
been practically completed as far as the original construction is con-
cerned. However, the program of betterment, relocation, grade sep-
aration, widening, and renewal will necessarily continue, and will 
require a vast amount of the revenue derived from license fees and 
motor fuel tax. 
The program of the federal government in making allotment of 
funds to the states which they a~e required to meet for secondary 
(or farm-to-market roads) has brought into consideration the matter 
of a• type of highway which can profitably be used to meet the de-
mand for a less expensive surface than the concrete slab used entirely 
on.the primary system. 
The counties with more li:~nited funds are also seeking a type 
that can be built and maintained at a cost within the reach of. funds 
allowable to the county authorities. In many cases the more populous 
counties have on their state aid systems a considerable mileage that is 
too heavily, travelled to be adequate when surfaced with either oiled 
earth, gravel, or macadam. They, as well as the state, are seeking 
a type which can be built at a reasonable cost ·and which will at the 
same time give a smooth riding surface which is dustless, lasting, 
easily repaired and maintained. 
At the present time, at least, a road surface commonly known as 
. "Black Top" more nearly than any other meets these requirements. 
It has been coming to the fore for some years and is used extensively 
in several of the adjoining states and especially in those where frost 
conditions are not as severe as with us. On our conference program 
under the general topic of "Bituminous Surfaces" we have three sub-
topics: "Heavy Types," "Light Types," and "Stabilization." I have 
been assigned the "Heavy Types," and will proceed to discuss them 
briefly and in a general way. 
We are confronted in Illinois, and more particularly in the north 
part of the state, with a condition caused by deep frost of the subgrade 
*County Superintendent of Highways, Ogle County, Ill. 
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that causes a softening of the foundation of many of our roads in 
the early spring of tlie year, which results in breaking up of the sub-
grade, and hence the destruction of the surface of the less rigid types. 
This condition can be somewhat eliminated by soil stabilization and 
proper drainage of the grade. 
However, I believe it will be ·necessary to provide, especially in 
the north and central parts of the state, a thicker type of surface 
treatment than is necessary where the condition produced by a soften-
ing of the foundation and base of the road does not exist to so 
great an extent as it does here. 
Omitting any discussion of the preparation of the road. as to 
width, alignment, grade, drainage structures, etc., I desire to speak 
of the matter of wearing surface more particularly. 
Bituminous surfaces, to stand any amount of heavy, or a large 
volume of ordinary traffic, require a substantial base course, for on 
that depends largely success or failure. This may be provided by 
placing from four to eight inches of stabilized or coarse grav~l or 
broken stone or its equivalent on the foundation. If this is placed in 
two or more layers during construction, an aggregate of from one and 
one-half to three inches in diameter can be used· in the first course, 
and one of from one to one and one-fourth inches, with sufficient fines 
to secure compaction, in the second course. 
This base should receive a generous amount of vehicular traffic 
for a period of one or more years, before the wearing surface is placed, 
to thoroughly compact it and to discover any weak or soft spots. 
These, when observed, should either be strengthened or replaced with 
additional material, arid adequate drainage of the subgrade should be 
provided. 
I believe it is desirable to build this base course at least a foot or 
two wider than the proposed surface width. This should give adequate 
support to the edges of the surface course, ·and also remove some 
possibility of ruts occurring along the edges of the finished surface. 
There is no doubt some difference of opinion as to whether this 
base course should be placed in a trench in the earth grade, or on the 
grade in the feather-edge method. , Personally I prefer a happy me-
dium, and like to excavate just enough earth from the edges of the 
subgrade to build a slight shoulder against the edge of the surface 
course when finished. This requires, on a level cross section, only about 
three inches of cut along the edge for the surface cou.rse, thus giving 
the cross section of the finished base and surface course about a three-
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inch crown for a surface twenty feet or so in width. This crown 
should be maintained until the final surface is completed. 
After allowing sufficient time for settlement and compaction of the 
base course we may then determine the type of surface and the ma-
te.rials to be used to meet the requirements of traffic. We may desire 
to build a surface of a light type, an oil mat, a road or plant mix of 
the dense or open aggregate type, or any of the large variety of types . 
. We can use any of the various kinds of bitumen, specifications for 
which may .be' secured from the U. S. Bureau of Public Roads, State 
Highway Departments, or any other reliable sources. 
The heavy type bituminous surfaces comprise those in which 
the aggregate used is mixed in some manner either with asphalt or 
tar on the road (mixed in place) or at a stationary plant set up at 
the place of the delivery of the material (plant mix) and' transported 
from there to the job in trucks. 
The method used in mixing and the placing of the aggregate is 
fairly familiar to all, either from observation, or by reading specifi-
cations or articles printed on this popular subject in the various 
road magazines published today. In practically all of the types used 
a prime coat of bitumen is first applied to the previously-cleaned base 
in a quantity sufficient to thoroughly saturate the base as deeply as can 
be penetrated, and at the same time not be a greater quantity than 
will adhere without running off or standing on the surface. An ap-
plication of asphalt of MC 1 or tar TC 1 or 2 of from three-tenths 
to six-tenths gallons per square yard is recommended for this work. 
Traffic . should be kept off the road long enough to allow complete 
penetration and adhesion of bitumen applied, after which the road 
may be opened to light traffic for a given period of time. 
The cover course aggregate should be placed on the base course in 
an even windrow of such quantity as will produce the proper thick-
ness when spread to the full width of the finished surface. This 
should, in the heavy type, make a finished thickness of from one and. 
one-half to three or more inches of surface. After the bitumen and 
aggregate are properly mixe~ with either a travelling plant or a road 
grader or maintainer, it should be immediately spread to the width 
desired with the proper equipment to give a smooth and even surface 
and lightly rolled with a self-propelled roller. The blading should 
continue until a surface of the proper smoothness and cross section 
is obtained. More rolling may then be done to complete· the compact-
ing and smoothing of the surface. 
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The bitumen used in the mix may be either asphalt or tar in a 
grade and quantity such as to properly coat and cement the aggregate 
used. The pr.oper quantity to use will have to be determined largely 
by experience and by tests of the aggregate, made by the Bureau of 
Materials. In most cases a good seal coat should be applied to the 
cover coat after the same has been exposed to some traffic. This 
coat should be applied by a distributor evenly on a thoroughly-cleaned 
surface in a quimtity of about two-tenths to three-tenths gallons per 
square yard. Immediately after the bitumen is applied it should be 
covered with a fine aggregate of stone or gravel and smoothed off 
with a broom and rolled soon afterwards. It then can be opened to 
light traffic. 
These general suggestions may be varied to suit conditions as to 
materials used, localities, and weather conditions. In general, work of 
this type should be completed in the warm months of summer, at least 
in the north part of the state, thus giving the bitumen and the cover 
and seal coat aggregate time to become thoroughly embedded and 
compacted together. Some so-called "bleeding" is preferable to a 
dry surface as it will be readily cured by the addition of· some seal 
coat material, while the cover coat, if constructed without enough 
bitumen, is very hard to correct. 
It is my opinion that bituminous macadam pavements constructed 
on well-drained subgrade with adequate foundation will demonstrate 
their ability to withstand heavy traffic and to render service to the 
public that is comparable with the so-called higher types of surface. 
The maintenance cost may be somewhat greater in some cases, but, 
considering the initial cost of each, the bituminous road will show 
a financial saving and give a very serviceable type of pavement. 
When local aggregate is available for base and cover coat, it can 
be used in. many cases to a great advantage in keeping down costs. 
This opportunity exists where material is available in many parts of 
our state. 
The state has constructed in Ogle county about fifteen miles of 
three different types using different methods, all of which are standing 
the traffic reasonably w·ell. We expect to construct about twelve miles 
of bituminous surface in this county this year if the funds are suf-
ficient, believing that this will be a practical' treatment of the surface 
of some of the M.F.T. sections which we have recently built and 
surfaced with gravel or macadam. 
.. 
X. LIGHT TYPES OF BITUMINOUS SURF ACES 
H. D. TYSON* 
The history of road building is a story of steady advancement. 
As in other lines of human achievement, th~ rise in the standard of 
living of the American people has caused demands for highway de-
velopment unthought of ten years ago. At that time the average 
farmer was on:ly thinking of a road over. whfoh he could transport. 
his products at all times of the year so as to obtain the best possible 
market prices. Roughness was a necessary evil, and dust was only 
a passing irritation. 
As the general use of trucks and automobiles developed, the de-
mand arose not only for year-round surfaces, .but for smoothness 
which would permit the use of the speed built into the· trucks and 
cars. As the smoothness of the roads was improved and new bases built 
of a type permitting year-round traffic, the question of a dustproof 
surface became and is increasingly becoming a vital issue, not only 
as c~ncerns the safety and convenience of the traveling_ public, but of 
the residents along the roads as well. The limestone dust deposited 
in a thick layer over adjacent fields from a traffic-bound stone road 
may be beneficial to the field, and the clay dust from a gravel road 
may not harm the field, but both are equally obnoxious to the house-
wife and to the passing motorist. 
The question then arises of how to settle this dust and to stop 
the very considerable loss of surfacing material due to the grinding 
action of traffic. The only means now at hand is either the use of 
calcium chloride or a similar palliative, or the use of some sort of 
bituminous surface. Tlie use of the heavier types of bitumin.ous sur-
faces is of very great advantage where the density of heavy traffic 
may require greater structural strength than can be expected of the ex-
isting base, and where sufficient funds are available to permit the con-
struction of a proper base and the proper bituminous pavement. 
However, where traffic is not of sufficient quantity, or not of sufficiently 
great a weight, to justify the expenditure of large sums of money to 
form a dust-free, easy-riding surface, very satisfactory results may be 
obtained in the great majority of cases by the use of a bituminous sur-
face treatment. Generally speaking a surface treatment is one in 
which· the compacted thickness does not exceed one inch. Naturally, 
*County Superintendent of Highways, Kankakee County, Ill. 
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with a thin mat of this type, no great amount of structural strength 
can be expected, and stabilization and drainage of the base are of 
very great importance. 
A base should be permitted to show its stability through at least 
one severe winter before the decision is made that it is ready for 
bituminous surface treatment. 
Surface treatments of the low or medium price class are of one 
of three types, as cove.red by the specifications of the Illinois Division 
of Highways. The rock asphalts, premixes, and various hot-mix or 
cold-lay materials are of a cost above the ordinary financial means 
of our county, except as a possible seal coat on constructed bitumi-
nous surfaces. The use of these materials is a question of financial 
means, economy, and ~alesmanship. Bituminous surface treatment 
sub-class A-1, under the above-mentioned specifications covers the 
construction of a surface treatment in the following manner: first, 
the application of a prime coat of either emulsified asphalt, or a 
medium curing asphalt or tar of a consistency or curing period suf-
ficient to permit thorough penetration into the base, and in a quantity 
such as will thoroughly coat all dust particles, but leave no excess 
puddles upon the surface. 
My recent experience with a prime has been entirely with Liquid 
Asphalt MC-1, and its value as a priming asphalt over that of the 
recommended primes of several years ago is so great as to leave no 
basis of comparison. It penetrates thoroughly,· but does not pick up 
under construction traffic. The prime coat serves the same purpose as 
a prime coat used on wood before painting, absorbing the dust· and 
making possible a positive bond between base and bituminous treat-
ment. It tends to keep base moisture from being absorbed into the 
surface itself, but adds little structural strength to the final surface. 
Then follows the application of two treatments of asphalt or tar, 
either emulsified or cutback; or asphalt or tar cement of a consistency 
which will permit its combination with the cover coat aggregate and 
seal coat aggregate. before reaching its final degree of solidity. Fol-
lowing the application of each treatment of bituminous material, 
cover coat aggregate, with a sieve analysis of 95 to 100 per cent pass-
ing a one-half inch sieve, is applied in a quantity which will be taken 
up by the bituminous material, but care must be taken that a surplus 
of aggregate does not exist after either application. Aggregate should 
be applied by means of any one of a number of aggregate spreaders 
of approved design. Smoothness of riding surface 
0
is obtained by the 
use of a long broom drag. Each cover coat application is rolled with 
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a medium weight roller after the initial smoothing operation, and 
alternate broom dragging and rolling are continued until reasonable 
smoothness and compaction is obtained without undue crushing of the 
aggregate. The amount of asphalt or tar in each application is be-
tween Q.25 and. 0.30 gallon per square yard, with fifteen to twenty 
pounds of aggregate used in the first treatment upon the primed base, 
and twenty to twenty-five pounds of aggregate in the second treat-
. ment. A seal coat of 0.20 to 0.30 gallon per square yard of the bi-
tuminous material being, used, and approximately fifteen pounds of 
seal coat aggregate, of which ninety-five to one hundred per cent 
passes a three-eighth inch sieve, is applied either immediately or after 
the surface has been under traffic for a period of time. I believe 
better results are obtained by permitting traffic to use the surface 
during warm weather for at least thirty days before applying the 
seal coat. Traffic kneads the cover coat aggregate into place and 
whips off any excess aggregate on the surface, thereby assuring a more 
dense, watertight surface after the seal coat has been applied. 
Bituminous Surface Treatment Sub-Class A-2 is one with which 
I have had no personal experience. It is very similar in final results to 
Sub-Class A-1, except that it is designed especially for use on old 
brick or bituminous bases where considerable leveling of the base 
is necessary,' and where final equal thickness of the surface treatment 
is not essential. This treatment includes the use of the same types 
of bituminous materials and aggregate as are used in the A-1 treat-
ment, but uses only one application of thirty to forty pounds of cover 
coat aggregate upon the freshly primed base. This cover coat ag-
gregate is treated with an application of a quarter gallon of bitumi-
nous material. Coating of the aggregate is obtained by the use of a 
blade mixing device of approved type. After mixing, the surface is 
smoothed by means of a power-driven blade, and rolled, and a seal 
coat is applied. As to this type of surfacing, l·would only care to say 
that early experience with thin mats would indicate that difficulties 
might be encountered in obtaining uniform coating of such a small 
quantity of aggregate on a rough base. Aside from this remark I will 
let further discussion of this type of surfacing come from those with 
experience in its u~e. 
Bituminous Surface Treatment Sub-Class A-3 is one with which 
I have had the most experience. Modeled very closely after the· A-1 
treatment, it includes the use of slow-curing asphalts as the bitumi-
nous cement, with the use of powdered asphalt upon the surface. With 
this type of surfacing, as with the A-1 treatment, the base must be 
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shaped carefully before the prime coat is applied. Shaping of the 
ordinary traffic-bound stone or gravel base should begin the spring 
before treatment is attempted, and successive maintenance operations 
should bring the surface to the greatest smoothness and evenness of 
profile possible. The smoothness of the final surface is very. directly 
dependent upon the smoothness of the base before treatment. 
The prime coat consists of an application of 0.30 to 0.60 gallon of 
a medium curing asphalt, a slow curing asphalt, or a priming tar. 
The quantity is determined by the density of the base, with the aim 
of securing thorough penetration without puddles of excess material. 
The kind of asphalt or tar to be used is a matter of personal prefer-
ence, cost, and judgment as to the absorptive qualities of the base 
to be treated. If puddles exist after penetration has been obtained, 
they should be removed before the application of bituminous material 
for the cover coat. Slow-curing asphalt is then applied at the rate of 
0.25 to 0.35 gallon per square yard, and immediately followed by 
the application of twenty-five to thirty-five pounds of cover coat ag-
gregate which conforms to a sieve analysis of ninety-five to one 
hundred per cent passing the one-half inch sieve, and zero to five 
per cent passing the No. 10 sieve. This cover coat material is applied 
by means of a chip spreader,· smoothed by means of a long broom 
drag, and rolled by means of a medium weight roller. Brooming and 
rolling are continued until a smooth compacted surface is obtained. 
A seal coat is then applied, consisting of 0.25 to 0.35 ·gallon of slow-
curing asphalt, followed. by the application of twenty to thirty-five 
pounds of seal coat aggregate with a sieve analysis of ninety-five to 
one hundred per cent through the one-quarter inch sieve and zero to 
five per cent through the No. 10 sieve. This treatment is then broom-
dragged and rolled to smoothness and compaction. There is then an 
application of the bituminous material at the rate of 0.10 to 0.25 
gallon per square yard, followed immediately by the application of 
approximately three-fourths pound of powdered asphalt per square 
yard. The surface is then closed to traffic for at least twenty-four 
hours, or until· there is no pickup under traffic. I have several times 
used a cover coat aggregate with a three-quarter-inch top size where 
I felt the base was especially. in need of the reinforcement of a 
slightly heavier surface. The resulting surface is approximately three-
fourths inch thick. Traffic soon knits it into a tight surface, and the 
mat retains its flexibility under traffic for a very great length of time. 
A mat o{ this type built in 1933 on a very good stone base was given 
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its first seal coat last summer, and still showed definite liveness 
below the surface. 
Slow-curing asphalts are less expensive than the other types, are 
more easily handled, have a very low loss of volatile materials, and 
flux readily with powdered asphalt. The powdered asphalt, being 
practically devoid of any carrying agent in its ·powdered condition, 
fluxes readily with the light ends of the slow-curing asphalt at or 
near the surface, and forms a very tough impervious layer of asphaltic 
cement. If we can thus seal out moisture from above, and seal ex-
cessive absorption of moisture froni below by means of an adequate 
prime we should have an abrasive resistant layer which will retain 
sufficient flexibility to follow the inevitable bending of the base under 
certain conditions of traffic. Minor depressions developing in a sur-
face treatment using slow-curing asphalt show a rather remarkable 
ability to heal and iron out into smoothness under the warm sun and 
traffic. Spot failures are easily remedied, and loss on the investment 
is greatly reduced in the surface treatment construction. 
I believe that many surfaces can be built using slow-curing asphalt, 
both in surface treatments and in heavier mats, which will give 
better results on flexible bases than have been obtained by the use 
of any of the harder asphalts. I feel that too much thought has been 
given to thickness and rigidity, with too little regard -to the fact that 
practically all bases except concrete are flexible at some season of 
the year. 
Surface treatments have a definite place in a highway program 
where stage construction is being undertaken, where bases are well 
compacted and well drained, where sufficient money is not available 
~o construct the desired mileage with an expensive bituminous pave-
ment, and where volume or average weight of traffic is not sufficiently 
great to justify the expenditure of considerable sums for a heavier 
surface. 
XI. ROAD STABILIZATION WITH BITUMINOUS 
MATERIALS 
J. A. TonsoN* 
Road Oil and Mineral Aggregate Mix 
In 1937 the Board of Supervisors of Sangamon County decided to 
construct a wearing surface on what is known as the West Lake Drive 
around Lake Springfield. This road is approximately 5% miles in 
length. Due to the ·fact that Lake Springfield is an artificial lake, 
and that the road follows very closely the .west bank, much of the 
road is on new location. 
The base for the wearing surface was completed in the late spring, 
with W.P.A. labor. It is stabilized gravel and clay, and is approximate-
ly 4 inches thick. Prior to the construction of the' base, all wet cuts and 
seepy places which appeared ev~ry spring were drained either with 
clay drain tile or perforated corrugated metal pipe. 
As the base is only 4 inches thick, it was not in our estimation 
heavy enough to simply give it a surface treatment of the A-1 type 
for a wearing surface. This made it necessary to select some other 
typ~ of economical construction. It must be borne in mind that at 
times this road carries as many as 3000 vehicles a day. 
The type decided on was a modification of the B-1 specification 
which is more commonly known as the "mixed on the road" method 
of asphaltic oil and mineral aggregate surfacing. It was decided to 
construct a mat using enough aggregate to provide a thickness of 
3 inches loose. We expected this to compact to 2Y:! inches, but, as a 
matter of fact, due to the denseness of the gradation of the aggregate, 
we found it actually compacted to approximately 2% ~nches. 
The specifications for the mineral aggregate were modified sonie-
what from the Illinois State Highway Specifications in that the 
portion passing the No. 4 sieve was further broken down to include 
10-30 per cent passing the No. 40 and retained on the No. 80, and 
10-25 per cent passing the No; 80 and retained on the No. 200 sieve. 
A typical screening of the mineral aggregate gave the following 
results: 
Passing %'-in. sieve, retained on 72-in .............. 8 per cent 
Passing 72-in. sieve, retained on %-in .............. 15 per cent 
Passing %-in. sieve, retained on No. 4 ....• · ........ 22 per cent 
Passing No. 4 sieve, retained on No. 10 ............ 16.6 per cent 
Passing No. 10 sieve, retained on No. 40 ........... 13.6 per cent 
Passing No. 40 sieve, retained on No. 80 ........... 8.2 per cent 
Passing No. 80 sieve, retained on No. 200 .......... 6.2 per cent 
Passing No. 200 mesh ........................... 10.4 per cent 
*County Superintendent of Highways, Sangamon County, III. 
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A slow-curing asphaltic oil was used in the mix and a NC-1 cut back 
asphalt was used for the prime coat. 
Construction started August 30th and was completed September 
20th. Considerable rain and cold weather were encountered during 
the construction, especially on the last lY:J miles. However, after the 
project was completed, we had some warmer weather and this, in con-
nection with the traffic, ironed out the pavement, producing an ex-
cellent riding surface. 
The first operation consisted of preparing the base for the prime 
coat, and, since the base had only been completed a few months, this 
was comparatively simple. It was soaked with water and a multiple 
blade planer run over it, and then wet again and rolled with a pneu-
matic tire roller. We did not attempt to get the surface as smooth 
as is necessary with an A-1 surface treatment. 
The base was primed with o/io of a gallon per square yard, and 
then cured for 72 hours. At the. conclusion of the curing, hauling of 
the mineral aggregate was started. The aggregate .was dumped on 
'the primed base in the amounts specified, and distributed evenly along 
the road by means of a windrow evener. After the windrow had been 
adjusted, the aggregate was spread out to about 16 feet in width. 
The next operation consisted of mixing the asphaltic oil with the 
aggregate. This was done by applying it at the rate of approximately 
o/io of a gallon per application per square yard. During the appli-
cation of the oil the mixture was constantly disced and harrowed with 
a spring tooth harrow .. This procedure -\vas repeated for 5 applications 
of oil, or until there was approximately 1 Y:i gallons of oil per square 
yard of finished surface. The material was then bladed into a wind-
row and the mixing thoroughly completed with a motor patrol by 
turning the windrow over· and over with the heel of the mold board. 
At the completion of the processing of the· material, a trench was 
dug with the motor patrol along the edge of the pavement. We used 
this means to thicken the edge of the pavement to give it more strength 
and prevent raveling. 
The finished mixture was spread uniformly over the base and 
rolled, the first operation being to roll it with the steel cylinder roller 
to prevent rutting and obtain a smooth surface. A pneumatic-tired 
roller was used to obtain the required compaction .. 
The road was open to traffic at all times during construction, 
except during and after the application of the prime coat. 
The final step in construction was to seal the surface, and this 
was done by applying Yio of a gallon of oil per square yard. Over 
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this was spread fine sand in the amount of approximately 15 pounds 
per square yard. 
In conclusion, from our experience with this type of work, we are 
convinced that it is a practical and economical method of construct-
ing secondary roads. The finished surface is smooth and has all the 
appearance of a more expensive pavement. There are, however, 
several points which I would like to review with you. 
The mineral aggregate must have the proper gradation for this 
type of construction. This is especially true of material passing the 
No. 10 mesh sieve. This material must be evenly graded and must 
contain a minimum (approximately 5 per cent) of material passing 
the No. 200 mesh sieve. If it is not practical or economical to get this 
gradation of material, then it will be necessary to use one of the cut-
back asphalts for the binding material. However, the SC oils have 
one distinct advantage over any of the other materials in this dense 
aggregate in that they can be reworked at any time and a new road 
surface obtained. 
Base Stabilization With Asphaltic Road Oil 
In 1937 we constructed three experimental sections of base stabi-
lization work in Sangamon County. The object of these experiments 
was to see if it was practical and economical to stabilize the clay soil 
so as to furnish a base for a heavier type of bituminous surfacing. 
The ordinary road oiling, which has been done in Illinois for a great 
many years, has proven a satisfactory method of furnishing year-
round roads for local traffic. However, these 'roads generally break 
up more or less in the spring, the reason for this being, in our opinion, 
that the oil surface is not thick enough to furnish a stable road during 
the spring break-up. 
The road we worked on was the Pleasant Plains-Berlin Road. This 
road was an oil surfaced road containing no mineral aggregate, but 
just the ordinary Illinois black clay soil. The method used in con-
structing this road was to first scarify the surface approximately 
4 inches deep. On the first section, the material was thoroughly pul-
verized by discing, blading ·and rolling before any oil was applied. 
On the second section, the scarified material was not pulverized before 
starting to apply the oil. The oil application started as soon as the 
road was scarified, and it was found that, by applying the oi.l in light 
quantities, not over ~ gallon per application, by the time the oil was 
thoroughly mixed in with the clay the lumps were broken up and 
pulverized almost as well as they were in the section that had been 
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pulverized before applying the oil. This method saved considerable 
time and expense. On the third section we added approximately 
2 inches of gravel to the clay. This addition of gravel cut down the 
oil content about 50 per cent over the straight clay sections. 
On the first section of this road we used approximately 2.34 gallons 
of E-3 oil per square yard on the 4-inch compacted surface. On the 
second section we used 2.73 gallons of E-3 oil per square yard, and 
on the third section, or the section which contained the gravel, we 
used 1.28 gallons of E-3 oil per square yard. 
These quantities could not be used in figuring any work of this 
type that you might be doing, for there was considerable oil in the 
original mat, which was approximately 1 inch in thickness, and prob-
ably some in the surface below the mat. However, from experiments 
which have been conducted in Missouri, it has been found that the 
oil content should be approximately 7Yz per cent of all the material 
passing the 40-mesh sieve, providing the material retained on the 
40-mesh sieve is not over 50 per cent of the total. 
On this work, after all the oil had been applied, the clay and oil 
mixture was thrown to one side of the road and the base primed 
with ~ gallon of oil per square yard. The mixture was then thrown 
to the other side of the road and that side primed. While this neces-
sitated moving a large amount of material, it was found that moving 
it with blades helped materially in getting a uniform mixture. 
After the oil and clay had been mixed as thoroughly as possible, 
it was uniformly spread over the surface and compacted by a sheeps-
foot roller, and the finished surface was ironed out with a steel roller. 
The surface, after compaction, was sealed with ~ gallon of oil per 
square yard and then sanded. 
The first two sections of this road appear at the present time 
to be in very good condition, and we have hopes that they will be 
entirely satisfactory after the spring break-up. In the third section, 
where the gravel was added, we ran into cold and wet weather and 
it was impossible to obtain a satisfactory mix. Before this section was 
finished we encountered about a week of steady rainfall, and were un-
able to dry out the material, so we may have to rework the section. 
However, at present it is in very good condition. 
From our observations of this work, it appears to be entirely 
feasible and economical to construct base courses by this method, 
providing the work is done at temperatures at least over 60 deg. F. 
Below that point it is practically impossible to mix the oil with the 
clay. We believe the quantity of oil in the mixture is extremely im-
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portant in this type of work, and consider it better to be on the lean 
side rather than have an excess of oil. If an excess of oil is used, there 
will be a soft, mushy surface which will tend to rut and shove. 
The whole object of this work is simply to waterproof a sufficient 
depth of road surface to form a base which will carry the load re-
quired of it. This depth may be 4 inches or it may be 6 irn;hes. We 
can tell only by further experimental work just how thick a base 
·will be required. 
XII. THE APPLICATION OF SOIL STUDIES TO 
HIGHWAY CONSTRUCTION 
c. M. WAHL* 
Soil study has many applications to highway construction, but in 
the few minutes I have for this paper only two will be discussed, viz., 
mechanical compaction of embankments, and subgrades for flexible 
and rigid surfaces, which I will discuss from a practical standpoint 
as now applied to our construction work. I will not go into the theory, 
because that will be taken up in the soil group conference immediately 
following this paper. 
Mechanical compaction of embankments is based on sound prin-
ciples of soil mechanics. It is not a passing fad, but is here to stay, or 
at least until something better is developed. There has been some no-
tion that this is just ai:_10ther new idea which adds to the amount of 
work, and increases the cost of earth work. It is not true that the work 
required has increased due to the introduction of this method. As a 
matter of fact, when mechanical compaction was introduced, water-
soaking was discontinued. Therefore, it is only a substitution and not 
an addition. In regard to costs, the records show that the new method 
of compaction does not cost more than the old. ·when the change was 
made some of the contractors having work requiring watersoaking 
asked permission to use the new specifications in lieu of the old, and at 
the same unit bid price, because they were convinced that mechanical 
compaction would cost less. So let me repeat, it is a substitution and 
not an additional cost. 
This method not only compacts the embankments and lessens the 
settlement, but produces a uniform intimate mixture of the soil due to 
the discing, rolling, and building in thin layers. Uniformity of sub-
grade is important with rigid surfaces, to minimize warping and crack-
ing. With most soils the high density increases the stability of the 
subgrade by bringing the particles closer together and decreasing the 
amount of capillary and free water which may enter. It is the general 
consensus of opinion, among highway engineers, that mechanical com-
paction of embankments is the best method developed so far. 
There has been some misunderstanding about the state specifica-
tions for mechanical compaction-what the compaction test is, and 
what is required. In order to measure or to determine the degree of 
*Assistant Engineer, Bureau of Construction, Illinois Division of Highways. 
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compaction of embankments it is necessary to have a method of 
testing. Mr. Proctor has devised a practical test which we are using 
in a modified form. Essentially it consists of determining the density, 
or weight per cubic foot, of a soil sample compacted in a brass mold 
at optimum moisture, and comparing this weight with that actually 
obtained in the embankment. The state specifications require that 
the density of the completed work shall be not less than 90 per cent 
of that obtained in the test mold. 
There are two principal factors involved in securing the required 
compaction. One is the amount of rolling, and the other is the amount 
of moisture. The minimum number of rollings for each layer is six, 
regardless of the density obtained. The maximum is nine, unless water 
is required to secure the necessary compaction. The reason for speci-
fying a minimum of six rather than permitting the density alone to 
govern is for the benefit of the contractor, that he may estimate ap-
proximately the amount of rolling required. If water is added, com-
pensation is received for the actual amount applied. The reason it is bid 
as a separate unit item is to eliminate the guess work in estimating its 
cost. The contractor would have difficulty in determining how much 
to bid if water were included in the cost of excavation or borrow, 
because the amount varies with the time of year the work is done, and 
whether it is a wet or a dry season. However, I wish to point out that 
the amount of water included in the proposal should be estimated 
carefully, because if the amount is very small or unreasonably large 
there is a temptation for the contractor to make an unbalanced bid 
to his advantage. 
From the engineer's standpoint inspection is simplified by the re-
quirements set up for the amount of rolling equipment and the mini-
mum number of passes for each layer. In the majority of cases these 
minimum requirements for rolling are more stringent than the 90 
per cent of the maximum density determined by the compaction test. 
Therefore, i~ such eases, only an occasional check test on the embank-
ment is required. 
The specifications permit the use of three types of rollers-a tamp-
ing or sheepsfoot, a pneumatic truck tire, and a three-wheel 10-ton 
roller. The trend is definitely toward the use of the sheepsfoot type, 
and I believe the others will be used still less as time goes on. Under 
our present set-up the sheepsfoot roller is the most economical from 
the contractor's standpoint. 
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Soil Studies in Relation to Subgrade Foundations 
One of the greatest fields for soil studies and the application of 
soil mechanics is in the improvement of subgrade foundations for both 
rigid and flexible surfaces. It should not be necessary to emphasize the 
fact that a good surface requires a good foundation, but this principle 
is too often forgotten. The need for a good foundation is imperative 
for the low type bituminous surfaces, and they cannot be designed 
economi.cally without a knowledge of the soil mechanics pertaining to 
the particular base and subgrade. I do not wish to infer that soil 
studies of subgrades are not important in construction of concrete 
pavements-they are-but the poorer subgrades show up more quickly 
with the lower type of surfaces, and lead to a quicker ruin of the 
pavement. 
This brings up the questions-what are poor subgrades, how are 
they located, and how arc they corrected? In order to answer the 
first question we will have to differentiate between poor subgrades for 
rigid and for flexible surfaces. 
For the rigid surfaces the important thing is uniformity-to have 
every square yard like every other square yard. It is the differential 
in subgrade support, differential heaving, and differential settlement, 
which are the important factors in cracking of concrete pavements. 
Low bearing value for the rigid types is not so detrimental, except 
when it drops exceedingly low. Thus the poor subgrades for rigid 
type surfaces are those lacking uniformity due to rapid changes in 
soil and moisture conditions. 
For the flexible surfaces the bearing power of the subgrade is the 
most important characteristic about which we arc concerned. Any fac-
tor which lowers the bearing of soil makes it a poorer subgrade. Soils 
in this class have practically no cohesion, and very little internal 
friction. In general, they are the ones which produce ice lenses or ice 
segregation in freezing, and when they thaw out the excess water re-
duces to almost nothing the bearing value of the subgrade. 
The method of locating poor or objectionable subgrades varies 
widely in the different districts in the state. Some depend on locating 
them from service behavior of the old road, others locate them during 
grading operations, and still others make soil surveys. Perhaps the 
best method would be a combination of all three. 
The location of the poor subgrade by past service behavior is best 
accomplished by going over the road at the time of the spring break-up 
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and referencing in, by stakes set at the right of way line, all breaks, so 
they may be investigated later. It is well to check with some of the 
residents along the road to see if they are the same spots which gen-
erally break up each year. This past service behavior method is 
very excellent on sections which have been graded, or where the 
grading is very light. If the old road has been oiled it offers a good 
opportunity to study the effect of a sealed surface on the subgrade. 
This is very important, because quite often a sealed surface shows 
up bad places which were not evident as long as there was an open 
surface. In other words, a good practical way to find the bad sub-
grades is to oil the road a year or two before the surface is placed. 
The locating of poor subgrades during grading requires a good, 
alert engineer on the job, one who has a working knowledge of soils. 
This is satisfactory, providing the engineer has time enough to make 
the proper study of the soil profile and movement of the underground 
water. 
The locating of poor subgrades by making a soil survey has its 
greatest usefulness when made prior to grading the road, because 
with this information available it is possible to change the grade, 
alignment, and cross section in order to eliminate the poor subgrade 
conditions. After the road is graded these major changes cannot be 
made. However, soil surveys are needed even after grading in order 
to study subgrade conditions for the purpose of recommending cor-
rective measures. In making a soil survey the engineer must know 
the approximate elevation of the grade line in order to secure samples 
at least three or four feet belo\v the surface of the proposed roadway. 
Borings are made and samples taken at intervals close enough to 
locate the changes in the soil. After the soils have been classified, a 
profile is plotted showing the different layers and the position of the 
grade line. This profile, with the bad subgrade shown on it, is then 
given to the design department with recommendations for corrective 
measures. 
The bad subgrade conditions may be corrected by one or more of 
the following methods: drainage, admixtures, compaction, change in 
grade line, and subgrade replacement. 
Since most of the poor subgrades are caused by water, the logical 
procedure is to remove the cause if possible. I wish to emphasize the 
fact that it is at the root of nearly all our subgrade troubles. It may 
be surface, underground, capillary, or free water, but in one form or 
another it is responsible for most of the trouble. We know that if the 
moisture content is held down low enough almost any soil will make 
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a good foundation. From a practical standpoint some soils can be 
drained and others cannot. By that I mean that tile will not always 
reduce the moisture content low enough to make a good stable sub-
grade. This is particularly true of soils having very little cohesion 
and internal friction. Before a tile line is laid out, a study should 
be made of soil conditions with particular reference to the water-
bearing and impervious strata. I believe much money has been 
wasted in the past on tile improperly placed. On the other hand, I 
believe there is a large field where tiling will do good. The tile should 
be placed to intercept the water before it gets to the area of the 
roadway. In order to insure complete interception, it should be set in 
the impervious strata to a shallow depth rather than directly on it. 
If there is no flow of water but simply a high water table, then the 
tile should be so placed as to lower it sufficiently so that capillary water 
will not be detrimental. A soft or wet condition in the roadway in-
dicates a poor subgrade, but if no water-bearing stratum can be 
located it is doubtful if tiling is the proper method to correct it. 
Where tiling alone is not effective, the subgrade may be stabilized 
with an admixture such as bituminous material, the function of which 
is to waterproof the soil rather than add strength by its cementitious-
ness. Only enough bituminous material to stain or discolor the soil 
is required. If more is added the mixture lacks stability. Admixtures 
have been used with fairly good results in several places on poor 
subgrade under present gravel and concrete pavements. However, 
the question of the ultimate life of this kind of treatment, when 
sealed under a wearing surface, is one that time only will answer. 
Some cuts in which the subgrade is on the border line between 
good and bad may be helped by compacting the soil in the same 
manner as the fills. This means excavating a foot or eighteen inches 
of the subgrade, replacing, and compacting it. Compaction is not the 
only beneficial effect, for the removing and replacing does a certain 
amount of mixing which produces a more uniform subgrade. This 
method is satisfactory on some soils where only a slight increase 
in stability is required. It should not be attempted in a hit or miss 
fashion on all cuts, but only on those on which a careful soil study has 
been made. 
Another method for correcting poor subgrade conditions is to 
place the grade line either above or below the objectionable soil strata. 
Here it is necessary to have a soil survey and soil profile. Quite often 
the poor subgrade in shallow cuts can be avoided by raising the 
grade line and going over the top. In other words, design a rolling 
78 ILLINOIS ENGINEERING EXPERIMENT STATION 
grade line for rolling country, and in fiat country keep it above 
the level of the surrounding fields. 
Subgrade removal and replacement with satisfactory material 
has been used to a great extent, especially in the northern part of the 
state. The replacement material consists generally of gravel: however, 
some work has been done using earth. This method is used where 
tiling is impractical or where local gravel can be secured very cheaply. 
If expensive shipped-in material must be used for replacement, it is 
doubtful if the results justify the expenditure. 
The present tests for determining soil characteristics are all very 
good, and they do tell a lot in a general way, but there is still a missing 
link between the soil tests and the service behavior. Two years ago 
we took a lot of soil samples from roads where the concrete had 
cracked badly, and from others which had few cracks. The results 
of the regular soil tests alone showed no relation between good and 
bad pavements. The point is, soils cannot be studied as abstract 
samples, alone, but must be studied under field conditions, especially 
in relation to the amount of moisture they take up. Moisture does 
not affect all soils in the same manner. With some it takes only a 
small amount, and with others a large amount, of water to destroy 
the bearing value of the soil when used as a subgrade. It is my 
opinion that subgrade soils must be studied in conjunction with 
moisture, and the effect of freezing and thawing. The three factors-
soil, moisture, and temperature-may act separately, but generally 
they are in combination, and the combinations are so varied that 
the part played by each is difficult to analyze. 
In designing flexible surfaces, the bearing capacity of the subgrade 
is one of the most important factors, yet there is no practical way 
of determining it quantitatively. In my opinion the most promising 
test for bearing value is the shear test, based on the theory advanced 
by Mr. Housel. However, much preliminary work will be required 
in standardizing the test before it can be used as a basis for designing 
surfaces. Last fall we made about fifty such tests on subgrades, 
bases, and oil mats. \Ve propose to recheck the same locations this 
spring when the roads are in their worst condition. We hope the 
results of these tests will give us some definite information which 
can be applied directly to individual subgrades. 
Everyone is in agreement that if the poor subgrades can be located 
and corrected, the amount of cracking in concrete pavements and 
breaking up of flexible surfaces would be greatly reduced. However, 
I wish to sound a warning that in our zeal to accomplish this we 
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should be careful not to spend more money than our knowledge of 
soil mechanics warrants. For after all the application of soil science 
is not so simple as to draw a sharp distinction between good and 
bad soils. They range all the way from the best to the poorest, and a 
lot of them are on the border line between the two. These border 
line cases are the ones I have in mind when I say we should be 
careful lest we spend money unwisely. At present there is plenty 
of work to be done on the bad ones which can be corrected at a 
reasonable cost, and in my opinion these are the ones on which we 
should concentrate first. 
Sometimes we feel that our present knowledge of soil mechanics is 
very meager-but let us remember that soil science in highway work 
is new, as a matter of fact it is in the elementary stage. In the last 
four years we have made a lot of progress in the application of soil 
studies to highway construction, and I believe the progress will be 
just as rapid in the future. 
XIII. PRESENT STATUS OF SOIL INVESTIGATIONS IN OHIO 
K. B. Woons* 
Statistics show that the majority of State Highway Departments 
have had facilities for soil testing only since approximately 1930. 
Previous to that date, the investigation of soil conditions prior to 
the construction of the highway, except for research and some profile 
work, was limited almost entirely to foundation studies. 
The pronounced increase of interest in soil investigations may be 
attributed to three important considerations. In the first place, the 
abandonment of old crooked, hilly, and poorly-surfaced roads for new 
lines and profiles better adapted to modern highway traffic, has mag-
nified soil problems many times; secondly, until recently soil tests 
were neither developed nor standardized sufficiently to identify soil 
types on the basis of performance; and, finally, the highway engineer 
has become very much soil conscious. 
The story of soil investigations in Ohio dates back about eighteen 
(18) years to the interest of Professor F. H. Eno of Ohio State Uni-
versity, who directed student theses on this subject and acted as 
consultant to the Ohio Good Roads Federation. In 1924, a cooperative 
arrangement was entered into by the Ohio State University Engi-
neering Experiment Station, the United States Bureau of Public Roads, 
and the Ohio Department of Highways, to study the various proper-
ties and characteristics of soils with Professor Eno in charge of the 
project. The United States Bureau of Public Roads has from 1920 
to the present time diligently carried on research on soil characteristics, 
methods of testing, and classifications, and the findings of these in-
vestigations have application in Ohio. 
In 1934, ten years after Professor Eno set up a research laboratory 
to test soil from Ohio highways, the Ohio Department of Highways 
through the Bureau of Tests, began routine soil testing. The first 
large project attempted was the investigation of soil conditions, in-
cluding field sampling, testing and writing reports on questionable 
foundations, embankments, and subgrades, on some 100 miles of 
highway relocation involved in the Muskingum Water Conservancy 
District in Ohio. 
In 1935, the Ohio Department of Highways under the guidance 
of the United States Bureau of Public Roads adopted a specification 
*Assistant Engineer, Bureau of Tests, Ohio Department of Highways. 
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for the control of moisture and compaction of embankments. During 
the past four years, special soil problems from over the entire state 
encountered in relocation projects involving landslides, peat bogs and 
questionable embankment foundations, occasional questionable bridge 
foundations, unsuitable embankment material, and subgrade problems 
have all received a considerable amount of attention. In September, 
1937, the Department inaugurated the policy of making complete 
soil profiles on all contract projects. Such a program involves the 
investigation of peat bogs, poor foundations, landslides, proposed 
embankment materials, and all subgrade. 
Field Studies-The Soil Profile.-The soil profile in Ohio inc~udes 
the mapping and presentation of data from a complete investigation 
of all soil and geological stratifications encountered in subgrade, cut, 
or foundation which may influence the design, construction, and main-
tenance of a highway. Such an undertaking is obviously quite com-
prehensive. It includes mapping and testing soil layers which will 
be encountered as subgrade to enable the designing engineer to correct 
the weaknesses. The extent and bearing capacity of questionable 
foundations must be determined to eliminate failure due to over-
loading. Embankment materials obtained in cuts must be mapped 
and tested to provide for wasting unsuitable material and as a guide 
to the best design for the use of poor materials. The possibility of 
landslides must be pointed out so that a change in alignment can be 
made or precautions taken to strengthen such places. The need for, 
kind, and spacing of drains is also indicated on a soil profile. The 
investigation of all soil conditions encountered, in an accurate, efficient, 
and organized manner, as may be done in making a soil profile, is the 
largest single contribution a soil testing laboratory offers to a highway 
·department. The following is the procedure followed in Ohio. 
The information for the subgrade soil profile is obtained by bor-
ings, test pits, and the examination of exposed surfaces in highway 
cuts. The survey party normally includes a soils engineer, a note 
keeper, and two or three unskilled assistants. Success of the under-
taking depends upon the training, skill, and honesty of the soils 
engineer, and his ability to use sound judgment. 
The following equipment is necessary for the average project: 
One 6-in. post hole auger with ten 4-ft. extensions 
One 4-in. post hole auger 
One 1 'lfi-in. soil auger with five 3-ft. extensions 
Two 14-in. pipe wrenches 
One long-handled shovel 
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One short-handled shovel 
One light mattock 
One hand level 
One 6-ft. folding rule graduated to Yio foot 
One 50-ft. metallic tape 
One 50-ft. steel tape 
One embankment control kit 
A supply of dry sand of known loose weight per cubic foot 
A supply of sample bags 
A supply of screw top glass jars of 1 pint capacity 
A supply of 2-oz. glass jars 
A supply of cards, stickers, and tags for marking samples 
Notebooks 
One camera with supply of film 
Miscellaneous materials, including scratch pads, a slide rule, 
pencils, etc. 
Progress of the work is very much facilitated if the proposed line 
has been staked and stationed with points of the profile showing the 
ground line and proposed grade elevations. Borings are taken at 
intervals ranging from 25 to 500 feet, depending on soil conditions, 
as close to the center-line as possible, and a record is made of the 
surface elevation of the hole and of the depth, location, and description 
of each soil layer. For normal subgrade work it is customary to map 
the layers to a depth of at least 4 feet below the proposed grade. If 
at the second hole additional layers of soil are encountered or some 
of the original layers are missing, drilling must be done between the 
two holes until the extent of all the layers is determined. This pro-
cedure is repeated until the subgrade, to a minimum depth of 4 feet, 
is mapped and sampled for the entire project. • 
During this procedure the soils engineer obtains 2-ounce samples 
of all the layers encountered, and carries them with him to use for com-
parison purposes. In addition 2 or 3 samples from each soil layer 
are obtained to be tested for water content and physical character-
istics. After testing, each sample is classified, and a standard symbol 
is used to represent this layer on the soil profile. 
The density of the subgrade must also be obtained. Since most 
embankments are placed under rigid field control to improve stability 
by obtaining a higher degree of density, cut areas should also be 
tested for density. This provides the designing engineer with sufficient 
information to decide whether or not the material in the cut below 
subgrade should be left undisturbed or taken out and replaced under 
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the same conditions as the embankment. This same determination 
is always made on the material above the proposed subgrade in the 
cut for the purpose of checking the shrinkage factor. 
The field determination of density is identical with embankment 
field control previously described. The percentage compaction can 
readily be obtained in the field by use of the typical embankment 
control curves, or a sample can be taken to the laboratory and a 
density curve run in the standard manner. The field density test is 
also valuable to tie in the soil profile with the dry weight density 
classifiication. 
After all samples are obtained and the soil layers on the proposed 
project are adequately mapped, a performance survey of the old 
road is made. Such a survey shows the type of pavement and all 
major failures. The regularity of occurrence, shape, spacing, depth, 
and direction of the larger longitudinal and transverse cracking in 
rigid pavements is noted. Any indications of frost heave and other 
subgrade instability are carefully inspected and apparent reasons for 
any other type of failure noted. 
Foundations for high embankments are also investigated while 
making the soil profile. The questionable foundations are first inves-
tigated by a hand auger or core drill, and then test pits are con-
structed for obtaining undisturbed samples. 
Likewise, landslides are thoroughly investigated. In addition to 
auger samples with occasional undisturbed samples a thorough geo-
logical log is usually obtained. 
Utilization of Soil Profile Information 
Embankment.-In . hilly country the construction of highways 
with desirable minimum grades and maximum sight distances usually 
necessitates deep cuts and high fills. Without proper field and labor-
atory investigation previous to and during construction, many kinds 
of failures often result, depending upon the type and condition of the 
soil and the construction procedure. 
Common failures include excessive settlement, erosion of the side 
slopes, and sloughing or sliding of large sections of the embankment. 
Although many such failures may be attributed to poor construction 
methods, careful investigation of the soil types is in most cases con-
sidered necessary before an adequate design can be made. 
An immense amount of information can be obtained by mapping 
the soil layers and testing samples from these layers. Density tests 
provide an invaluable guide for the construction of embankments. 
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Under proper field control, most embankment settlement and much of 
the sloughing and sliding can be eliminated. Grain-size analyses and 
the common Atterberg tests identify dangerous soil types, such as 
the erosive silts and expansive clays. Once the characteristics of the 
soil are known, corrective measures can usually be applied in the 
design and the more common types of failures eliminated. 
Landslides.-Landslides are becoming more and more prevalent 
where highways are constructed or reconstructed through hilly country. 
This increase in slides may be attributed to the increasing depth of 
cuts and height of side hill fills. In certain geological formations 
containing deep beds of clay, or in areas where there is considerable 
faulting, cuts must be made very cautiously if landslides are to be 
avoided. A thorough investigation of the geology of the region, to-
gether with tests of any clay beds involved, are essential in minimizing 
landslides. 
Soil investigations may pay big dividends on certain projects if 
they show that a slight change in grade or alignment will avoid 
removal of a relatively small quantity of soil from the toe of a slope 
and consequent sliding of hundreds of yards of soil down the hill side. 
Stabilization.-The low cost, or "stabilized," road is one of sev-
eral excellent examples indicating the importance of soil investigation. 
The constituents of such a road surface include a mixture of coarse 
aggregate, sand, and clay. These materials must have such physical 
characteristics and must be combined in such proportions as to give a 
maximum of stability. The surface must firmly support wheel loads 
in both wet and dry weather, dust and raveling in dry weather must 
be minimized, and the mixture must not become slippery or rut in wet 
weather. Such roads are well adapted for portions of a low-traveled 
secondary system, and for stage construction on some primary systems. 
Testing is of primary importance for a stabilized road. A grading 
analysis must be made on all materials which may possibly be in-
corporated in the mixture so that suitable materials may be obtained 
and properly combined. Soil tests on possible sources of binder clay 
are especially important to check the grain size and other physical 
characteristics. 
Subgrade.-Pavement failures caused by poor or untreated sub-
grade are probably more common than any other type. Frost heaves 
and general subgrade instability were recognized in localized areas 
long before highway relocation was given much consideration. Re-
location lines and profiles add new subgrade problems. When expen-
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sive and well-designed pavements are placed on virgin untreated soil 
both in cuts and fills, there is no way of checking the past perform-
ance of a certain area and of correcting those subgrade weaknesses 
which have been known to exist. In addition, the pavements of ten 
or twenty years ago were, in most instances, placed on old traffic-
bound roads which were well compacted by traffic, and which made ex-
cellent insulation courses. 
It would appear, then, that a considerable number of problems 
may be encountered on new subgrades which can be solved only by 
rebuilding pavements after failures have occurred, or, more logically, 
by investigation of the soil previous to design. Corrections in subgrade 
become a reality by the use of the soil profile combined with the 
testing and classification of the soil layers involved. 
Still another point of view should not be overlooked. Increased 
traffic, both in number and size of vehicles, and higher speeds im-
pose added strains, therefore the bearing capacity of the various soils 
found in the subgrade profile is becoming increasingly important. 
While highway engineers are not at present in a position to design 
pavements to take into account accurately the variations in bearing 
capacity of the subgrade, they have made progress in doing so. 
Excellent measuring sticks of subgrade performances are now avail-
able in the form of soil classifications based on performance and 
arrived at by extensive testing. It would appear that the time is not 
far distant when the subgrade soil will play an important part both 
in the type and the design of the wearing course. 
The Ohio Embankment Specification 
Density Test.-The recent development of a density test by R. R. 
Proctor* for the control of compaction of earth fills may be classed 
as one of the outstanding contributions in recent years to the science 
of soil mechanics. The test was originally used to control the embank-
ment moisture content during embankment construction, and for 
control of the amount of compaction. In addition to field control, the 
test is fast becoming a standard means for classification of soils. 
In the summer of 1935 the Ohio Department of Highways adopted 
this test as a means of controlling the moisture and compaction of 
earth embankments. Since that time all earth embankments con-
structed on primary roads in the state have been placed under a 
specification requiring the use of the density test. As a result of test-
ing some 1900 density samples from these. construction projects, some 
*See Engineering News Record, Vol. III, July-December, 1933. 
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useful and interesting results are now available. To present adequate-
ly this information, the test will be given in detail. 
By definition, density of a soil is the weight per unit volume. Per 
cent compaction or density may be considered as the ratio of the dry 
weight of the soil as it occurs in nature or as placed by mechanical 
means, to the maximum dry weight of the same soil compacted in the 
laboratory in the standard manner. 
Optimum moisture is defined as that moisture content of a soil 
at which maximum density can be obtained under standard 
compaction. 
This test determines the weights per cubic foot under a standard 
compaction and penetration resistance for varying moisture contents. 
The apparatus required consists of the following: 
A cylindrical brass mold, approximately 4 inches in diameter and 4Yz inches in height, and having a capacity of Y:io cubic foot. This 
mold is fitted with a detachable base plate and removable extension 2Yz inches in height. 
A brass tamper having a striking face 2 inches in diameter and 
weighing 5Yz pounds. 
A steel straight edge 12 inches long. 
A penetration resistance device consisting of a needle of known 
end area and a spring balance. 
A scale of 25-pound capacity sensitive to %00 pound. 
A suitable drying oven. 
A 100-gram capacity balance sensitive to 0.1 gram. 
Miscellaneous equipment including watch, glasses, beakers, etc. 
Laboratory Procedure.-A slightly damp 6-pound sample is taken 
from a portion of the material passing the No. 4 sieve. The 
sample is thoroughly mixed and compacted in the cylinder in three 
approximately equal layers, each layer receiving 25 blows from the 
tamper, which is dropped from a height of one foot above the soil. 
The soil is then struck off to the level of the cylinder and the weight 
determined. A reading is then taken with the penetration resistance 
device by determining the pressure required to force a needle of known 
end area into the compacted soil at the rate of one-half inch per 
second. A small sample of the compacted soil is oven dried to deter-
mine the moisture content. The soil is removed from the cylinder and 
broken up until it will pass a No. 4 sieve, water is added, and the 
procedure described is repeated. This series of determinations is con-
tinued until the soil becomes very wet and there is a substantial 
decrease in the wet weight of the compacted soil. 
' 
CONFERENCE ON HIGHWAY ENGINEERING-1938 87 
Calculations.-The moistures are computed by means of the 
following formula: 
Ww 
We= -- X 100 
Wo 
The dry weight is computed by means of the following formula: 
WW 
Dw = X 100 where, 
We+ 100 
We = moisture content 
W w = weight of water 
Wo = weight of oven dried soil 
Dw = dry weight in pounds per cubic foot 
WW = wet weight in pounds per cubic foot 
The results of the density test, corrected for weight of moisture 
and expressed as pounds of dry soil per cubic foot, are plotted against 
their respective moisture contents and a smooth curve drawn through 
the resulting points. The peak of the curve represents the maximum 
density for the given material under the standard compaction, and the 
percentage of water at this point represents the moisture content 
necessary to give maximum compaction. The penetration resistance 
readings expressed as pounds per square inch are plotted against their 
respective moisture contents to form a smooth curve. 
Field Control.-Control during construction consists of determining 
the moisture content of the embankment material and attempting to 
maintain the optimum moisture content by allowing the material to 
dry or by adding water. The embankment being placed at the opti-
mum moisture is checked for compaction so as to control the amount 
of rolling. 
In addition to the brass cylinder, tamper, straight edge, and pene-
tration device used in the laboratory, the following field equipment 
is required: 
A scale of 25-pound capacity sensitive to 0.01 pound 
A post hole auger (4 or 6-inch) 
Field Procedure.-The wet soil is compacted in the density cyl-
inder in the standard manner and weighed, and the wet weight per 
cubic foot is computed. The penetration resistance of the wet soil in 
the cylinder is then computed. By comparing the wet weight per 
cubic foot and the penetration resistance with the values on the lab-
oratory wet weight density and penetration resistance curves for the 
soil being tested, a corresponding moisture content can be selected. 
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In case of a discrepancy, the moisture content corresponding to the 
wet weight per cubic foot should be used. If the soil is found to be 
below the optimum moisture content it can be sprinkled with water 
sufficiently to bring the moisture content to the optimum; if found 
to be above the optimum it should be spread out on the fill in thinner 
layers and allowed to dry either before rolling or during longer rolling 
periods. 
Checking Percentage Compaction: Condition 1.-When the em-
bankment material contains no stone retained on the No. 4 sieve, ap-
proximately 15 pounds of material is taken from the rolled embank-
ment with a post hole auger and weighed. The moisture content is 
determined as described. The hole is filled with dry sand of known 
loose weight per cubic foot and the volume of the hole computed. 
The wet weight per cubic foot of the compacted soil is computed by 
dividing the wet weight of the soil removed from the fill by the vol-
ume of the hole. The dry weight per cubic foot and the percentage 
compaction can be computed as follows: 
WW 
Dw = X 100 
We+ 100 
Percentage compaction 
WW 
wt. per cu. ft. at peak of 
dry wt. density curve 
Dw = ----- X 100, where 
We+ 100 
We = moisture content 
W w = weight of water 
Wo = weight of oven dried soil 
Dw = dry weight in pounds per cubic foot 
WW = wet weight in pounds per cubic foot 
x 100 
Condition 2.-When embankment material contains from 0 to 40 
per cent by weight of stone retained on the No. 4 sieve, approximately 
15 pounds of soil is taken from the rolled embankment with a post 
hole auger and the stone retained on the No. 4 sieve removed. The 
remaining portion of the sample is then weighed and the process is 
the same as in Condition 1, except that the stone removed from the 
sample is replaced in the hole as sand is poured in, in making the 
volume determination. 
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Soil Classification on the Basis of Density 
Since the summer of 1935, the Ohio State Highway Testing Lab-
oratory has tested nearly 2000 embankment soil samples for their 
physical characteristics, including maximum density by the Proctor 
or density test. The summaries of the test results on these samples 
reveal some very interesting information. Soils of maximum dry 
weight per cubic foot between 120 and 135 pounds were predominantly 
granular types, of the Bureau of Public Roads A-1, A-2, and A-3 
classifications. Soils of weights of 110 to 120 pounds per cubic foot 
were silts of the Bureau's A-4 classification. The 100- to 110-pound 
soils were the A-6, A-7 groups. The soils with dry weight peaks 
below 100 pounds were largely organic silts and expansive clays of 
the A-5 and A-8 classifications. On the basis of these data, combined 
with the Bureau of Public Roads soil classifications, a definite soil 
performance rating has been worked out. 
Condition 1.-Fills not exceeding 10 feet in height, which are not 
to be placed on steep sloping foundations, and which are not subject 
to long periods of inundation. 
Soil: Any soil may be considered satisfactory for use in embank-
ment under these conditions providing the liquid limit does not exceed 
65, and the plasticity index is not less than that determined by the 
formula 0.6 X liquid limit - 9.0. 
The following performance rating on the basis of dry weight 
peaks. is recommended: 
Minimum 
Approx. Field Compac- Re com-
Dry Wt. Peaks B. P.R. Rating tion Require- mended lb. per cu. ft. Classifi- men ts Side 
cations per cent of Slope 
dry wt. peak 
89.9 and below ........ A-5, A-8 Unsatisfactory . . . . ...... 
90.0- 99.9 ............ A-5, A-8 Very poor 95 1 on 2 
100.0-109.9 ............ A-6, A-7 Poor 95 1 on 2 
110.0-119.!J ............ A-4 Fair !JO 1 on 172 
120.0-129.!J ............ A-2, A-3 Good !JO 1 on 172 
130.0 and above ........ A-1 Excellent 90 1on172 
Granular Material: Granular material on which soil physical 
properties tests cannot be obtained may be considered satisfactory 
for use in embankment under Condition 1. 
Shale: Shale may be considered satisfactory for use in embank-
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ment provided at least 50 per cent of fine material passing a No. 10 
sieve is available to fill the voids between the shale particles. 
Condition 2.-Fills exceeding 10 feet in height, or which may be 
placed on steep sloping foundations, or which are subject to periods 
of inundation. 
Soil: Maximum liquid limit of 50 with the following rating on 
basis of dry weight peaks: 
I 
Minimum 
Approx. Field Compac- Recom-Dry Wt. Peaks B. P.R. Rating tion Require- mended lb. per cu. ft. Classifi- men ts Side 
cations per cent of Slope 
dry wt. peak 
99.9 and below ........ A-5, A-8 Unsatisfactory .... . ..... 100.0-109.9 ............ A-6, A-7 Very poor 98.0 1 on 272 110.0-119.9 ............ A-4 Poor 95.0 1on2 120.0-129. 9 ............ A-2, A-3 Fair 90.0 1 on 172 130.0 and above ........ A-1 Good 90.0 1 on 172 
Granular Material: Granular material on which physical proper-
ties tests cannot be obtained may be considered satisfactory for use 
in embankment, provided not more than 35 per cent passes a No. 200 
mesh sieve. 
Shale: Shale may be considered satisfactory for use in embank-
ment provided at least 50 per cent of fine material passing a :No. 10 
sieve is available to fill the voids between the shale particles, and 
provided the liquid limit of the portion passing a No. 40 sieve does 
not exceed 50.0. 
XIV. SOIL SURVEYS AND SOIL PROFILES 
"WALTER B. WORSHAM* 
The ever-increasin·g demand for better and safer roads, coupled 
with the increased use of the highways by heavier and faster motor 
vehicles, means more than just so much more design and construction 
work for the engineers charged with this type of work. 
Better and safer roads must have improved wearing surfaces, 
straighter alignment, reduced grades, modern curve designs, greater 
sight distances, stable subgrades, and better drainage. In turn, re-
duced grades and greater sight distances call for deeper cuts and 
higher fills. 
With these points in mind the present-day highway executives 
are relying more and more upon the information and advice of their 
soils engineers, because their own experiences and the experience of 
others have shown them that each project must be designed to fit its 
individual governing conditions, and that the soil and drainage condi-
tions are seldom uniform even in a given locality. 
Non-uniform subgrade and drainage conditions do not mean, how-
ever, that pavement designs and thicknesses must be constantly 
changed to meet the prevailing subgrade support, nor does it mean 
that large sums of money must be expended to install drains under 
all sections of the highways. 
Soil Profiles 
It is a matter of common knowledge that the earth's crust is made 
up of layers or horizons of soil material which differ in color, texture, 
density and moisture content. The average person, however, does not 
know that these different soils, exclusive of their organic matter con-
tent, were produced by the weathering of various kinds of rocks; that 
they may be called "residual" or "transported" depending on whether 
they are located at the place of origin or were carried to their present 
location by wind or water; nor do they know that they also differ in 
many respects other than those previously mentioned. The agronomist 
and the engineer are deeply interested in these layers, however, and 
annually spend thousands of dollars studying the vertical section 
of the soil layers or the soil profile by means of soil surveys. 
*Assistant Engineer of Materials, Illinois Division of Highways. 
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Soil Surveys 
The subject of soil surveys, the means by which soils engineers 
obtain a large share of the information furnished the design and 
construction engineers, cannot be covered in any great detail in a 
space as brief as this paper, nor do I think that it should be, because 
the majority of you will never carry on work of this kind. Interested 
parties will find more or less detailed descriptions of the various sur-
vey methods in the specifications of the American Society for Testing 
Materials and of the American Association of State Highway Officials, 
and in the publications of the U. S. Bureau of Public Roads and the 
U. S. Bureau of Chemistry and Soils. 
In general, however, it might be said that soil surveys consist 
essentially of three parts: the determination of the soil profile, or 
information in regard to the soil layers or horizons having different 
properties or characteristics; the sampling and testing of the soils in-
cluded in the profiles; and the mapping of the profiles. The character 
of the work of course depends upon the information desired. For 
example, the U. S. Bureau of Chemistry and Soils maps soils largely 
on the basis of their agricultural value; while highway engineers ex-
amine the soils in the areas involved in their various projects and 
classify and map them primarily on the basis of their physical char-
acteristics, but the engineering properties upon which the serviceability 
of pavements or other structures depend are also taken into 
consideration. 
A soil survey party usually consists of a soils engineer and one or 
two laborers. The engineer selects the sampling stations, studies the 
base map, the topography, the surface drainage areas, the surface 
geology, the source of ground water and the direction of its flow, 
and classifies the samples and records and maps the data, while the 
laborers make the borings and perform such other duties as may be 
assigned to them. 
The soils engineer in charge of the party should have a basic 
knowledge of soil mechanics, drainage, and highway construction. 
He should also be able to classify soils by feel, visual inspection, 
and simple field tests, and be able to secure complete drainage data, 
because the success of the work depends upon his qualifications and 
the accuracy of his work. 
In the case of highway work, the soil profiles are usually studied 
by means of soil augers, although special equipment designed to secure 
undisturbed samples is very often used. Earth resistivity and seismic 
methods are sometimes resorted to in the determination of the pres-
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ence and location of consolidated rock, preclassification of materials 
to be excavated, density of embankments, and the extent of gravel 
deposits and quarry material. 
It is not possible to specify exactly where or to what depth borings 
should be made because the type of information desired and the con-
. ditions encountered will govern all cases; however, the following rules 
will apply to a great many cases. 
·when the center line is on an old road surface, borings are made 
at 100 foot stations and are located on the side that shows the deepest 
cut or the shallowest fill. Examination of the old road indicates weak 
points in the subgrade that require more detailed investigation. On 
new locations, borings are made every 50 feet along the center line 
unless topography or changes in soil types require borings at shorter 
intervals. Generally, the borings should be carried to a depth of at 
least 3 feet below the grade line. The depth may vary in accordance 
with the following stipulations: 
(a) When the road lies within the uniforin layers of the soil 
profile, the borings should extend down to the first layer below the 
ditch line which would block percolation, or through a pervious 
layer which would carry water. 
(b) When fill material is to be borrowed from alongside the road, 
the borings should extend at least to the estimated depth of borrow. 
(c) In the study of frost action the borings should extend to the 
mean depth of frost in those soil materials showing a high affinity 
for frost accumulation and in localities where high water tables 
prevail. 
The soil characteristics noted or determined in connection with 
these surveys and the influence they may have on subgrade soil be-
havior may be summarized as follows: 
Texture, or the size of the individual soil particles and the propor-
tion of material of each size present, may reflect density, structure, 
plasticity, volume change, capillarity, water holding capacity, and sus-
ceptibility to compaction. 
Structure, or the arrangement of the individual grains or aggre-
gates that make up the soil mass may reflect capillarity, percolation, 
water absorption, and susceptibility to compaction. 
Color may reflect organic matter content, chemical content, struc-
ture, plasticity, and drainage conditions. It also helps to identify 
the soils. 
Compactness may reflect degree of support, resistance to exca-
vation, bulking when disturbed, and internal water movement. 
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Consistency, or the degree of cohesion of the soil particles and 
the resistance offered to forces tending to deform or rupture the ag-
gregates, may reflect supporting value, capillarity, water holding 
capacity, and compactibility. 
Cementation, a condition when the soil grains or aggregates are 
bound together by some material such as iron or aluminum hydrates,. 
or lime carbonate, may reflect supporting value, plasticity, compact-
ibility, and internal ·water movement. 
Chemical composition may reflect structure, friability, plasticity, 
volume change, and water holding capacity. 
Special terms are used by the soils engineer to describe these 
characteristics. 
To avoid unnecessary work and overcrowding of the laboratory 
force only distinctly different soil samples should be selected for the 
laboratory tests. 
Soils high in moisture content should be placed on canvas or 
in pans and allowed to dry, being classified when their condition 
permits a better inspection. 
During the boring operations studies are also made of the moisture 
content of the soil material in the various layers, the depth to free 
water, the depth of the seepage layer and the source and direction of 
movement of the free water. If considerable capillary or free water 
is encountered, a study is also made of the local drainage conditions 
because high subgrade moisture contents invariably mean trouble 
at that location. 
As soon as the soils have been recognized and logged, the data 
is mapped. The soil survey maps prepared by the U. S. Bureau of 
Chemistry and Soils are drawn to a scale of one inch to the mile, 
and show the areas by soil types and series. These terms indicate 
the character of not only the surface soil but also of the various other 
horizons to a depth of from 3 to 6 feet below the surface. In engi-
neering work, however, the soils are mapped in the form of cross sec-
tions or profiles showing the nature of the various layers. These 
profiles are made to a scale sufficiently large to show all of the details 
essential from an engineering standpoint. The different layers are 
identified on these profiles by class names or by group classification 
based on the engineering properties of the soils constituting the 
various layers. 
Time Required and Cost of Surveys 
The time required to complete satisfactorily a highway soil survey 
and the cost of the work will depend entirely upon the nature of the 
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survey undertaken, i.e. the extent of the survey, when it is made, 
the information desired, the moisture content of the soils, the equip-
ment available for the work, and the daily cost of the party. Natural-
ly, borings made with a soil auger in rolling country previous to the 
grading work will be more costly than surveys on the same project 
during the grading work or after it is completed, and borings under 
the center line, at the quarter points and along the edges of pavement, 
will be more expensive than borings made at these same locations 
before the pavement was constructed. 
Ordinarily a three-man party can map approximately one-half 
mile of road per day under average conditions. Over sections of 
rough terrane that require deep borings an increase in the number of 
laborers helps maintain the speed of operations. 
In this connection, I would like to cite a number of instances 
showing that the cost of this work plus the cost of the curative 
measures adopted have been much less than the cost of the pavement 
replacement after it was damaged, but my allotted time will not 
.permit me to draw these comparisons. Nevertheless, considerable 
information of this kind can be secured from various engineers in this 
room at the present time if they are called upon during the discussion 
period. 
Value of Highway Soil Surveys 
Highway soil surveys may be made in connection with the recon-
naissance surveys, before or during the grading operations, or sub-
sequent to the construction operations, depending upon the character 
of the information desired. 
In brief, it might be said that if the surveys are carefully con-
ducted by experienced men they can be used to furnish significant 
information on the following subjects: 
(a) The final location of the road 
(b) The design of the roadway section 
( c) The selection of the type of surface and its design 
(d) The need for subgrade replacement or treatment 
(e) The design and location of ditches, culverts, and drains 
(f) The need for changes in the grade line to avoid bad subgrade 
conditions 
(g) The need for changes to avoid landslides 
(h) The selection of fill materials 
( i) Foundation data for embankments, culverts, and bridges 
( j ) Excavation classification data 
.. 
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( k) Possible reasons for pavement failures, frost heaves, settle-
ments, warping, etc., and possible curative measures for these items ( 1 ) Preventative measures which may be applied in future 
construction 
(m) The location of binder soils, gravel, and stone 
( n) The effect of the chemical action of injurious soil water 
( o) The location of suitable topsoil for landscape work 
( p) The fertility of high,vay shoulders, side slopes, ·and back 
slopes. 
Conclusion 
In conclusion, I want to remind you that very few states have 
more difficult climatic, soil, or drainage conditions to contend with 
than Illinois. Some states have longer and colder winters, but our 
intermittent cold snaps are far worse from a highway standpoint. 
The same thing may be said of our summers. Some states may equal 
us .in variety of subgradc conditions, but I doubt it. The drainage 
conditions in our prairie state have always been a problem insofar as 
road building is concerned. 
Nevertheless, our highway engineers have constructed primary 
and secondary roads in the face of these difficulties and their designs 
have been copied in every state and land. They arc still not satisfied, 
however, and are constantly endeavoring to improve the quality of 
their work. 
Soil mechanics is one of the several tools which they arc relying 
upon to help them, and I have every reason to believe that they will 
find it useful because it has now reached the stage where the data 
can be used in the design as well as in the construction and 
maintenance work. 
The present day soil data are not always as complete or decisive as 
we would like to have them, but soil studies are rapidly undergoing a 
transition from a purely abstract treatment of the problem of soil 
behavior to one based on an intimate knowledge of the manifold 
and complex properties of the different soil materials. 
Soil terms, testing methods and equipment, soil survey methods, 
and classification systems arc being standardized; soils and drainage 
data are being collected and made available to the engineers; and what 
is equally important, the subjects of soils and drainage are passing 
from the questionable and obscure stage to a practical and com-
prehensible position in the field of highway engineering. 
XV. FIELD TESTS AND TESTING EQUIPMENT FOR SOILS 
ELLIS DANNER* 
In presenting the subject of "Field Tests and Testing Equipment" 
as it relates to soils, I shall confine my remarks to equipment with 
which I have had some experience. There are many other field tests 
in use and other types of equipment have been developed which may 
be much superior to that which I shall mention. Since there is a con-
siderable personal element in most field testing equipment, I think 
each person has his own special brands which he prefers, and there 
is not much agreement as to the best types. As soils research develops, 
tests and equipment will become much more standardized than at 
present. 
Field testing equipment in our highway soils work in District 
Four comes under one of three principal headings, soil sampling, soil 
compacting, and special testing equipment. 
Soil sampling tools are of two types, those for taking disturbed 
samples, and those for taking undisturbed samples. At present most 
of our field study of soils is confined to taking disturbed samples for 
field classification and for laboratory analysis. After considerable 
experience in examining soils, most types can be classified rather 
closely by visual inspe"ction, and by the feel of the soil, and no further 
testing is necessary. 
\Ve have tried a number of soil augers and at present the two-inch 
spiral nut auger with the point split seems to be the best. A smaller 
auger brings up too small a sample, and a larger size is too hard to 
handle. The nut auger properly sharpened works well in all types of 
soils, except gravelly ones, where nothing works well. We use %-inch 
extensions four feet long and have drilled holes 40 feet deep. A 
length of pipe sticking up in the air over 20 feet is top-heavy and 
hard to balance, so for the deep holes we have devised a quick coup-
ling so that the extension can be split as the drill is lifted. The spiral 
auger can bring up a good bite each time provided it can be broken 
loose. To make the first pull easier, we have built a drill jack which 
consists of a base and post with a lever arm and U hook on the end 
to grip the pipe. With this jack a full drill can easily be broken 
loose in the heaviest of clays, and drilling is speeded up considerably. 
A crew of one engineer and two laborers have drilled five 25 foot 
*Soils Engineer, District 4, Illinois Division of Highways. 
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holes in an eight hour day in clay with some gravel in it and in lighter 
drilling 150 to 200 feet of holes in a day. 
There are numerous standard earth augers or post hole augers 
on the market which contain the soil inside the auger, but all of 
these we have tried cut so slowly that they are of little use although 
they always pull easily after they are filled. For dry loose soils 
the post hole auger works fairly well. Such soils will not stick on 
the spiral nut drill. 
For rock we use a 2-inch churn drill with a ball valve and water 
to carry out the drillings. Churn drills must be properly sharpened 
to be effective. Such drills are used extensively by crews sounding 
coal beds for strip mining. 
A gravel drill consisting of two spiral springs is very useful in 
snaring a loose pebble in a drill hole. Quite often a new hole has to 
be started if the pebble cannot be removed. We have tried the pod 
drill which consists of a cutting point and a pipe-like casing with a 
slot down one side, but it has been of little use. 
As soil augers go, the 2-inch spiral nut drill with the drill jack is 
the best we have found to date. 
It is known that disturbing a soil changes its characteristics con-
siderably. Tests on undisturbed samples are being rapidly developed, 
and ways must be found of obtaining undisturbed samples at any 
depth below the surface of the ground. Several cylinders have been 
designed which are driven into the sample after the hole is opened 
to the required depth. By cutting the bottom of the sample with a 
wire snare, or by applying a vacuum the core is pulled from the hole 
with the cylinder. The force applied in cutting the core and the 
friction in the cylinder do disturb the sample to some extent, the 
amount varying considerably with the type of soil and the design of 
the cylinder. 
We have designed but not yet built a cutting cylinder with special 
teeth to be turned into the sample which we hope will take a core with 
very little disturbance of the soil. Only by a number of trials will 
we know if the idea has merit. 
Samples near the top of the ground may be taken by digging 
around the sample, carefully trimming it to a specified size, and then 
by placing a container of the given dimensions over the core cutting 
off the bottom and removing the sample. We have three carefully 
made cubic foot wooden boxes which we use for this purpose. Sharp 
knives, a saw, and careful measuring are essential in taking these 
samples. 
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In all soil sampling work proper equipment facilitates the handling 
of the job and the field for development is unlimited. 
Soil compaction has become an interesting problem in highway 
construction. Most of our testing methods have developed out of 
R. R. Proctor's work in building earth fill dams. 
In our determination of the optimum moisture and the maximum 
density for a given soil in the laboratory the Proctor mold and rammer 
with a sleeve for controlling the height of fall is used. We have a 
screw press for pushing the cores out of the mold. ·we are now having 
some molds built with a slight taper and a lever arm and fulcrum 
press arrangement to speed up the removal of the cores. 
There is considerable question as to the best methods of checking 
the density of the soil on the fill. The plasticity needle varies in its 
results so much that its use is rather limited. Once the density has 
been actually determined at a particular location on the fill plasticity 
needle readings can be taken on that sample, and then by readings 
over other portions of the fill an idea as to the relative compaction 
is secured. 
Cylinders with the inside machined to a true diameter and a cut-
ting edge on one end may be driven into the soil, and by digging out 
the samples and trimming both ends flush a density is obtained. The 
compression of the soil in driving the cylinder introduces an error, the 
exact amount undetermined. 
A set of equipment has been developed for obtaining density by the 
calibrated sand method. It consists of a base plate for guiding the 
4-inch earth auger, a trimming head for cutting the top of the sample, 
and a special funnel and valve for placing the sand from the jars into 
the hole. A number of jars of dry sand may be weighed up ahead 
and one jar used for each density test. The drill must be properly 
set and sharpened or it will compress the earth on the sides of the 
hole and introduce error. 
At present we are designing some special driving cylinders for 
density determinations, and this summer expect to make some com-
prehensive comparison tests of the various density testing methods. 
Special field tests are very much in the primitive stage. Soil bear-
ing tests have been made for large foundation jobs with quite elab-
orate equipment, but we need some light tools for determining at least 
relative bearing values for culverts, bridges and fills. At many loca-
tions where great expense is not justified due to the size of the struc-
ture, some measure of bearing values would assist materially in 
making decisions. 
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In our problem of compacting fills we often overlook the im-
portance of the soil material on which the fill is started. Undisturbed 
samples taken under the more important fills and properly tested 
would give useful information as to the probable fill settlement. We 
are at present checking this base compaction at a few locations. 
Before the fill was begun 2 ft. by 2 ft. by 7:1 in. steel plates were placed 
on the original ground and carefully tied in with cross-ties and eleva-
tions taken. Care was taken not to disturb the plates until they were 
well covered. After the fill was finished holes located from the cross-
ties were drilled down to the plates and the elevations taken. Further 
observations can be made at any time. 
Much of our soil testing is not directly related to the field charac-
teristics of the soil. I hope to see a steady growth of field testing 
methods. 
Soil study in connection with highway design, construction, and 
maintenance is rapidly coming to the front. The invention and im-
provement of soil testing equipment in all phases of the work is 
essential to the development of soil science. 
XVI. THE ILLINOIS STATE SAFETY COMMISSION 
H. H. HARRISON* 
No doubt all of you here today are aware of the existence of the 
Illinois State Safety Commission, but it is probable that only a few of 
you are acquainted with its activities, aims, and accomplishments. I 
shall endeavor to describe for you as concisely as possible how the 
Commission is organized, what it is doing, and what it expects to 
accomplish. 
Early last fall, Governor Horner decided upon the creation of a 
commission of prominent, civic-minded citizens to aid in solving the 
traffic accident problem. The creation of the Commission is intended 
to serve a four-fold purpose, namely, 
(1) To coordinate the efforts of all groups engaged in traffic safety 
work and to encourage the expansion of their program 
(2) To conduct investigations to determine the needs of the state 
and local communities 
(3) To develop and support needed legislation and to oppose un-
wise measures 
( 4) To examine and pass upon all safety plans, traffic control 
devices, and other innovations proposed from time to time. 
The appointment of this Commission does not detract in any way 
from the splendid work which has been done in traffic accident pre-
vention by many Illinois organizations. It is Governor Homer's in-
tention that the Commission aid these groups and prevent insofar as 
possible the duplication of effort which has become apparent. 
Our accident experience in Illinois, as you know, is not one to be 
proud of. While we have been able to show a slight reduction in the 
fatality rate per million vehicle miles, still the gross totals have 
tended gradually upward, reaching a peak of 2595 persons killed last 
year. This represents an increase of 5.4 per cent over 1936. All of us 
certainly admit that this is far too great a price to pay for the con-
venience of transportation afforded by the automobile. 
Surprising as it may seem, a survey of the state has revealed that 
some 21 unofficial and 12 official agencies are engaged in some form 
of traffic accident prevention work. In checking the activities making 
up the program of each group, it can readily be seen that there is much 
*Traffic 'Engineer, Illinois Division of Highways, and Secretary, Illinois State Safety Com-
mission. 
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duplication and overlapping. The officers of the Commission believe 
that with the cooperation of all state and local groups such wasted 
effort can be avoided. 
Since the Commission is unofficial in character and has no funds 
with which to operate, it must of necessity remain in an advisory 
capacity. There arc many ways in which it can and will be of service, 
however, without entailing any expense. To function in the most 
efficient manner, the organization plan provides for the establishme{it 
of nine activity committees, to each of which arc assigned members 
whose interest or experience best qualifies them for the work of their 
particular committee. 
A brief review of the program as laid out for each committee 
will doubtless be of interest. 
The Committee on Legislation has as its principal tasks the 
preparation of bills for a Driver's License Law and Financial Re-
sponsibility Law, study of the present laws relating to motor vehicle 
inspection, and determining upon needed revisions of the Traffic Act. 
This committee has made very good progress, and will no doubt be 
prepared to offer to the Legislature carefully thought out traffic 
measures. 
The Committee on Enforcement will direct its efforts toward the 
elimination of ticket fixing, the encouragement of adequately manned 
and trained police traffic divisions in local jurisdictions, and the foster-
ing of reasonable increases in local enforcement indices. From the 
interest and enthusiasm shown at the meetings of this committee, 
it is evident that something beneficial will be developed. 
The Committee on Judicial Procedure has as its principal objec-
tives the promotion of more uniform and effective treatment of traffic 
matters by the courts, and the development of driver record files to be 
used in dealing with repeaters. 
The Committee on Highway Modernization will endeavor among 
other things to provide for adequate grade crossing protection, to de-
termine the need for the elimination of marginal interferences, to 
develop policies governing the use of highway lighting, and to study 
the application of various forms of intersection treatment. A complete 
statement of policy has been prepared by the Department for the 
information of the members of this committee. 
The Committee on Pedestrians and Bicyclists, as the name implies, 
will concern itself primarily with the consideration of the need for 
more positive pedestrian regulation and the need for regulations and 
legislation covering the use of bicycles. It will also study methods 
0 
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of providing for a more extended use of restricted streets and play-
grounds. 
The Committee on Uniform Traffic Control will encourage the 
factual approach for determining local requirement of various types 
of traffic control devices. It will likewise promote standardization of 
signs, signals, and markings and will oppose and discourage the use 
of non-standard devices. The Department anticipates the assistance 
of this committee in resisting pressure brought to bear in the interest 
of non-standard devices. 
It will be the job of the Committee on Accident Reporting and 
Analysis to encourage and assist in the installation of standard acci-
dent reporting systems in municipalities, to study the night accident 
problem in Illinois, and to promote more effective use of accident 
records in studying high accident locations. This committee has 
already given the Department valuable assistance in obtaining greater 
compliance with the state law requiring that death and injury ac-
cidents be reported. 
Public Safety Education is recognized by all traffic authorities as 
being one of the greatest needs of the day in traffic safety. The com-
mittee which has this assignment may then be considered as one of the 
most important in the Commission organization. It will among other 
things promote state-wide standardization of the operation of school 
safety patrols, support traffic safety courses in the secondary schools, 
invigorate and extend safety education in elementary schools, and 
promote adult drivers' schools for the general public. A splendid 
report of the state-wide situation, which is being used as a basis for 
much of the Commission work, has been prepared by this committee. 
The Committee on Public Relations will disseminate information 
on timely traffic safety matters, enlist the cooperation of the press, 
radio, churches, theatres, and various civic groups, analyze requests 
for endorsements, permits, or special concessions relating to traffic 
safety, and promote commercial drivers' meetings and contests. 
In this review I have touched only briefly upon the more important 
tasks of each committee. Many other activities -will be undertaken 
by each committee as the need arises. 
Recently such groups as the Elks, American Legion, V.F.W., and 
.Junior Chamber of Commerce have shown a very great interest in 
traffic safety and have adopted, as a part of their state and national 
programs, resolutions requesting their subordinate lodges and chapters 
to engage in local safety activities. This is a very encouraging sign 
of the awakening of these large organizations to the need for greater 
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effort. The Commission proposes to suggest to these and other willing 
groups a plan of tangible activities which each may undertake and 
which will avoid duplication and conflict. The Commission also hopes 
to prevent the useless expenditure of funds by these organizations 
for meaningless and expensive signs and other devices. Heretofore, 
this has been a fertile field for the sign salesmen to unload large 
quantities of elaborately finished signs to which no one pretended to 
respond, and which by their frequency of application tended to weaken 
the effect of needed signs. 
In order that we have authentic information as to the deficiencies 
now prevailing throughout the state, check lists have been prepared 
which, when completed, will present a clear picture of the situation 
in each local community of 5000 or greater. The check lists are to be 
filled out and returned to the Commission and then they will be care-
fully analyzed to develop a corrective program for each community. 
Included in the check list are detailed questions relating to the ac-
cident records, traffic administration, laws and ordinances, traffic en-
gineering, traffic enforcement, and safety education. These questions 
are to be. followed by recommendations as to how improvement can 
best be accomplished. 
At this time, I should like to make clear that the creation of the 
State Safety Commission in no way replaces any phase of the safety 
program being carried on by this Department. It is our plan to 
continue with as large a program of activities as before, if not a 
larger one. 
Driver training courses in high schools, school safety patrols, the 
national traffic safety contest, first aid training, and community 
organization work which we have sponsored in the past will be pushed 
aggressively. You will be interested to learn that due to the efforts 
of Department engineers and police officers of the safety squad, we 
have been successful in starting driver training courses in approxi-
mately 450 high schools during the past year using the official text 
"Man and the Motor Car" published by the Department. We antic-
ipate the addition of at least 100 more schools by the beginning of 
the fall term. Many other schools in the Chicago metropolitan area 
are teaching similar courses sponsored by other agencies. We believe 
this program will result in the greatest benefits over a long range 
period of any activity undertaken to date. The influence and assist-
ance of the State Safety Commission will aid greatly in the expansion 
and coordination of this work. 
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It was necessary during the early months of the existence of the 
Commission to pass through a formative stage in which errors in 
policy have been discovered and corrected. We now believe that we 
are organized on a sound basis, and if continued cooperation of the 
members is obtained that much good will result. 
XVII. THE EVER-PRESENT AND TROUBLESOME 
GRADE CROSSING 
JOHN W .. \VHEELER* 
The grade crossing presents a problem which has come with the 
motor vehicle, namely the maintenance of highways over crossings. 
On our important highways today the maintenance crews, state, 
county, township and city, move their equipment and oftentimes, 
unless care is exercised, material of one sort or another is dragged 
into the flangeways of the railroad track and a train is derailed. We 
have record of 10 such derailments on our lines during the past five 
years, and are striving valiantly to prevent more. 'Ve have the close 
cooperation of most of the state highway departments in this, but it 
is difficult for us to contact the county highway authorities. It is our 
common responsibility to keep transportation safe. We are both work-
ing in the field of transportation and should both cooperate toward 
common safety in that field. If highway maintenance men find a 
rough or dangerous crossing because of some fault of the track or 
railway material, they should notify the nearest railroad maintenance 
man, or call the local agent, and railroad forces will promptly come 
and correct the situation. By so doing, some motorist may be saved 
from a bad accident. Highway maintenance crews should look care-
fully to ascertain if they have dragged any material into the flange-
ways of the railroad tracks at the crossing, and if so carefully clean 
them out. Also, in the removal of snow, a condition can exist whereby 
the flangeways are filled with melting snow or slush. at a time when 
it will permit of freezing solid as ice and thereby cause a derailment 
just as gravel or crushed stone would do. 
Ever since the railroad has been with us the grade crossing problem 
has been one to be reckoned with. Many of us can remember horses 
being driven on to tracks and being struck by trains. The horse did 
refuse to run headlong into the side of a moving train-which is done 
regularly by motor cars; but accidents at grade crossings are nothing 
new. However, they have increased a hundred fold with the common 
use of motor vehicles. 
Whose responsibility is the highway-railway grade crossing? For 
a great many years state government, county government and the 
public in general looked upon this as being the railroad's responsi-
bility. But with the advent of the automobile, and later with its com-
*Engineer of Highway Negotiations, Chicago, Burlington, and Quincy Railroad. 
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mon and prevalent usage, this attitude has changed. Many of us 
have heard the spokesman of the Bureau of Public Roads say that the 
grade crossing was no longer the railroad's responsibility but in a 
great measure the public's responsibility. I contend as I present these 
facts and ideas that it is the joint responsibility of all of us-the 
railroads, the governing highway bodies, and the public. Who suffers 
most in a grade crossing accident? In the majority of cases it is the 
highway traveler who is killed or injured; his property, the automo-
bile, is ruined or damaged. However, in some cases enginemen are 
killed and injured, and the locomotive damaged, and oftentimes the 
railroad is compelled to pay damages. 
Surely the railroad is interested in eliminating and protecting 
grade crossings, as they are a source of expense and danger to them. 
Surely the highway governing bodies are interested in eliminating 
and protecting grade crossings because it is their customers who are 
most often killed and injured-and I say "customers" advisedly, be-
cause the motorist, be he trucker or merely pleasure car owner, pays 
in a great measure the highway bill through truck license fees, gas 
taxes and weight taxes-and if their highway industry is to grow and 
prosper, this danger must be eliminated. Surely the public is interested 
in eliminating grade crossings, because in the end, no matter if the 
railroad pays the bill, or the highway customer who is struck pays the 
bill, it finally settles down on society in general to replace that money. 
I do not feel that we should sit back and say to the highway people 
"Correct the grade crossing situation." Nor do I feel that we have 
any more right to say the same thing to the railroad companies; and 
until the highway traveler, the highway agencies, and the railroad 
companies join hands with a firmer hold, no great dent in the number 
of grade crossings will be made. 
A great program of grade crossing separation has been carried on 
in this country for years, and particularly in the past four years, by 
the bureaus of public roads and state highway departments. Yet, 
today, about as many grade crossings exist in the United States as 
before. The most dangerous and the most used crossings should be 
separated. But we cannot conceive of enough money being available 
to separate all of them. We must, therefore, concentrate our efforts 
on a more economical method of making grade crossings safe. There 
are flashing light signals, and electric bells, and gates, both automati-
cally and manually operated; but with any or all of these in operation, 
we have abundant records of drivers who have disregarded them and 
driven to their deaths in front of or under trains. There are barri-
108 ILLINOIS ENGINEERING EXPERIMENT STATION 
cades which come up out of the pavement and over which one cannot 
drive, and barriers which drop down from above and through which 
no car can pass; but these offer some hazard to motorists and cost 
in many cases one-third or one-half as much as a separation which 
prevents delays as well as accidents. 
What other methods can we conceive to prevent these accidents 
at grade crossings? How about closing some of them? How many? 
Which ones? Who will actually close them? Let's see if we can 
answer these questions intelligently. 
"How many should be closed?" Let's try half of them, just for 
discussion. I use half because that would close every other one, and 
such a condition is easy for any of us to consider in our own minds 
and memories. We can remember some specific community with which 
we are well acquainted and then erect an imaginary barricade at 
every other grade crossing there and see what happens. Let us think 
of the people who live in and travel through this community and see 
just how much they are inconvenienced. In the beginning or from the 
coming of the railways, say about 1865, until 1915, highway travel was 
primarily animal-drawn. Commercial vehicles, or wagons, averaged 
3 miles per hour and pleasure vehicles, or carriages, averaged 6 miles 
per hour; and if there was not a grade crossing at every section line 
road a traveler had to drive a mile over and a mile back to use the 
crossing on the next section line road. It took the wagon 40 minutes 
and the carriage 20 minutes to negotiate this additional distance. 
That was an inconvenience; and because accidents were seldom, we 
felt that it was necessary to have a grade crossing on every section 
line road. Since then the picture has changed. The truck has replaced 
the wagon and averages 20 miles per hour; and the motor car has 
replaced the carriage and averages 40 miles per hour. So, only 6 
minutes and 3 minutes, respectively, are lost in driving a mile over 
and a mile back. How much inconvenience would 3 minutes to the 
motor car and 6 minutes to the truck amount to? It amounts to 
nothing if by so doing we can save a considerable number of human 
lives. For the answer to the question of how many to close, I am going 
to stand on my opinion of half Qf them, or approximately every 
other one. 
The next question is "Which crossings should be closed?" For 
nearly two years state highway departments under the guidance of 
the Bureau of Public Roads have conducted state wide highway plan-
ning surveys. All of the data necessary to arrive at the answer has 
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been collected. These data will tell which crossings are least used; and 
these should be the ones to close-the ones whose closing will cause 
least inconvenience to the public. 
The next question is perhaps the hardest to answer "Who shall 
decide which crossings to close?" Let us list the agencies involved and 
who might be best able to take on this unpleasant duty. 
(1) State commerce, utility or railroad commissions, whatever 
name they operate under 
(2) State highway departments 
(3) State planning boards 
( 4) County commissioners or supervisors 
( 5) County planning boards 
(6) Railways. 
Let us consider these agencies, starting with the last mentioned. 
(6) The railways are perhaps not the agencies to decide this, as 
they might be thought of as having insufficient regard for the highway 
traveler. , 
(5) County planning boards are not yet well enough established. 
(4) County commissioners are too close to the picture. They are 
elected or defeated by the very people who are inconvenienced by 
this action. 
(3) State planning boards would be able to do this if their per-
sonnel was of a full-time nature; but because it is not, the selection 
would have to be made by subordinates. Therefore, state planning 
boards should have only a small share in this task. 
(2) State highway departments would be fully capable, but few 
have jurisdiction over all roads in the state, and therefore could not 
pass upon county or local roads-although with their well-trained 
organizations they would be thoroughly capable. State highway de-
partments should have a share in this responsibility but should not 
be given the task in its entirety. 
(1) State commerce or utility commissions are no doubt the best 
agencies to do the job, or at least to head the special body which I 
will soon mention. These commissions in all states have jurisdiction 
over railways but not over highways. 
Now let me suggest a combination of these agencies to select the 
number and the location of the crossings to be closed. A body with 
some such name as "State Grade Crossing Safety Commission," made 
up as follows: 
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Chairman of State Commerce Commission .................... Chairman 
Chairman of State Highway Commission ....................... Member 
Chairman of State Planning Board ............................. Member 
Representative appointed by Association of American Railroads .. Member 
Chairman of County Commissioners' Association ............... Member 
Such a commission as this which docs not create any additional po-
litical organization could capably decide which crossings to close. 
The final question, "Who will actually close them?" It will take, 
no doubt, in most states additional legislation to bring about this 
final act-that of the actual closing of the crossings. 
Since this paper was written, which was early in January in time to 
read it at the Colorado Road School, I have received from the Iowa 
State Commerce Commission at Des Moines a copy of the highway-
railway grade crossing accidents in the State of Iowa for 1937, and 
find in it the following paragraph, which you will note is quite similar 
to the contention in this paper. 
"In Iowa, for the most part, there are roads on each side of a 
section of land, and as a consequence many crossings are created. 
With the change in the mode of travel ·the necessity for at least a 
considerable number of these crossings has ceased. There is need of 
jurisdiction on the part of some state authority for the right to de-
termine the further necessity for the existence of a crossing, and if 
there appears no necessity, then there should be given the authority 
to close it." 
Now that we have closed half of the grade crossings, or every 
other one, and inconvenienced some of the traveling public to some 
extent, what can we do in return? If the same number of people are 
on the highways as before-and there will be-they will still have to 
cross the railways; and how can we protect them? We will have only 
half as many crossings to protect, or separate, and can therefore with 
the same expenditure of money improve the protection. Many cross-
ings which now have nothing but standard crossbucks could have 
reflectorized crossbucks; crossings which now have one flasher could 
have two, one on either side; some of the most heavily traveled cross-
ings which have flashers could have barriers of some kind or another; 
and some of the busiest of these crossings could be separated. 
Everyone has paid something, and everyone is benefited from 
the standpoint of safety. The railway has benefited by having more 
crossings closed, but will pay more in the maintenance of more pro-
tection devices and subways. The state highway departments have 
paid for better protection and separation and maintenance of viaducts, 
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and have benefited by fewer accidents to their customers and less ob-
structions to travel in the case of separations. The public has paid 
in some inconvenience and has benefited by having the remaining 
crossings better protected. The entire grade crossing picture has been 
improved. 
XVIII. STATE-WIDE MECHANICAL SURVEY OF 
MOTOR VEHICLES 
WILLIAM c. GIESSLER* 
The title of this paper, as announced, is: "State-wide Mechanical 
Survey of Motor Vehicles." A more appropriate title would be: "A 
Diagnosis of the Mechanical Condition of Motor Vehicles in Illinois 
in the Interest of Safety upon the Highways." 
Some of you who were at this Conference a year ago may remem-
ber that the speaker presented a paper entitled: "The Relationship 
of Headlamps to Road Speeds." That paper reported the results of 
some experiments relative to the visibility obtainable on the highways 
with automobile headlamps under various conditions of mechanical 
and electrical maintenance. It was pointed out that when lamps are 
aimed too low or the intensity of light is too low, the visibility obtain-
able from these lights may be reduced to less than forty per cent of 
a possible maximum. In the conclusion of that paper a hypothetical 
example of an automobile having average headlamps and average 
brakes approaching a dark object was set up. If a collision is to be 
avoided, the distance traveled while deciding to stop, applying the 
brakes, and making the actual stop must not exceed the distance at 
which the object can be seen. By means of a combination of curves 
showing headlamp performance and brake stopping ability, it was 
shown that a speed of more than fifty miles per hour at night was 
unsafe. A driver never knows what to expect upon the highways and 
should always be prepared for the worst. All of the figures which will 
be presented relative to headlamps will therefore be based on the 
visibility of an approach to a dark object-such as a man in dark 
overalls, a dark-colored car without tail light, or possibly a dark-
colored hog. 
The first part of last year's report was based on facts obtained 
from experiments, but the latter part involving the hypothetical ex-
ample was based entirely upon assumption, from which we obtained 
a top safe speed which we called a "permissible speed." 
Governor Henry Horner and our Chief Highway Engineer, Mr. 
Ernst Lieberman, felt that some data relative to the actual conditions 
of brakes and headlamps were worth obtaining to couple up with the 
*Mechanical Engineer, Illinois Division of Highways. 
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experimental work which had been done on headlamps, so a four-
wheel brake tester, a wheel alignment tester, and a two-cell photo 
electric headlight tester were obtained and set up on a 1600 foot 
stretch of forty-foot pavement south of Springfield. Duplicate data 
cards designed for punching were prepared. Necessary calculations 
were made, the information was all coded and then punched out on 
cards for running through tabulating machines. The results to be 
presented here are the results obtained from the tabulating machines. 
A survey and analysis of this nature and having the scope of this 
analysis has never been undertaken before in the entire world. 
Time for the presentation of this paper is limited, but it is hoped 
that some idea of the scope of this survey can be conveyed to you by 
pointing out a few of the more important phases of the survey which 
will be analyzed more in detail in an attempt to emphasize the sig-
nificance of some of the findings. 
The equipment was manned by state police with the exception of 
the headlight tester, which was operated by two experienced mechanics 
who went with the outfit from place to place. Operation of this equip-
ment was started at Springfield and from there it was moved to 
various points throughout the state, including several cities. Inspec-
tions made outside cities were entirely compulsory while those made 
within cities were made in connection with some program of highway 
safety and were essentially voluntary. 
The total number of vehicles tested was 26 237. Of these, 3705 
were trucks and 22 532 were passenger cars. The larger trucks were 
tested with a decelerometer and the smaller ones were tested on the 
brake tester. Lack of accurate information relative to the actual 
weights of the trucks prevented the making of an accurate analysis 
of the truck group. The information to be presented, therefore, is 
relative to the passenger cars-numbering 22 532. Of these, 10 214 
were tested on a strictly compulsory basis and 12 318 were tested 
on a voluntary basis. Of those tested in cities voluntarily-2025 were 
tested at Springfield, 4322 at Peoria, 4241 at Quincy and 1730 at 
Alton. 
When the original test cards were designed, it was not known 
definitely to what extent it might be desirable to analyze the infor-
mation obtained. The cards were designed so that the information 
might eventually be analyzed from as many unforeseen angles as pos-
sible. The various breakdowns were coded onto the tabulating ma-
chines in the following manner: 
The cards can be sorted according to the points at which the in-
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formation was taken, by the make of the automobile, and by the year 
in which it was built. 
The braking effort on each individual wheel was recorded, and 
from this it was possible to obtain the total braking effort of the 
vehicle, and the condition of balance between right and left wheels, 
and between front and rear wheels. 
The information relative to headlamps sent in from the field 
showed the actual candlepower reading on each lamp and the actual 
aim of each lamp. By means of a set of tables in the office, the actual 
visibility of a dark object available with any particular set of lights 
was determined. This visibility was recorded in feet. From the in-
formation obtained in this phase of the survey, it is possible to sort 
out cars with no lights, or with one light, and to classify the remainder 
according to performance ability. 
The front wheel alignment was checked for run-in or run-out in 
feet per mile. Cars having either run-in or run-out in excess of twenty 
feet per mile were considered dangerous due to steering difficulty, and 
we know arc costly on rubber. 
Information was also obtained relative to the minor but never-
theless important mechanical clements of the vehicle. This informa-
tion is coded so that defective horns, rear view mirrors, windshield 
wipers, tail lights, stop lights, parking lights, windshield glass, and 
rear window glass can be sorted out. 
With all of this information available, one is able to determine 
how many of the vehicles are operating in accordance with the legal 
requirements set up in the Motor Vehicle Act. This Act prescribes 
certain standards for mechanical and electrical equipment on motor 
vehicles and these requirements arc in all cases very lenient. For 
example, the requirement for headlamps is that there shall be two, 
and that they shall be visible for a distance of 500 feet. Please notice 
how that requirement is worded, "visible for a distance of 500 feet." 
Nothing is said regarding the effectiveness with which the lights il-
luminate an object. Automobile brakes are designed for ability to stop 
the vehicle in approximately twenty feet from a speed of twenty 
miles per hour. The law permits a thirty foot stop, which is a fifty 
per cent leeway. A great majority of car owners do not appreciate the 
importance of proper adjustment and maintenance of the component 
parts of their vehicles, and furthermore are unaware of the fact that 
means arc provided in the more up-to-date garages for checking all 
of these conditions. If they really knew the condition of their vehicles 
and appreciated their relationship to safety, they would be anxious to 
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have their vehicles inspected from time to time. It was, found that 
only 18 per cent of the vehicles tested complied with all legal re-
quirements. The remaining 82 per cent failed to pass due to one or 
more defects. Many so-called accidents are not accidents-they are 
unfortunate mishaps due to negligence of proper maintenance of the 
vehicle. General accident statistics attribute about 2 per cent of the 
total accidents to mechanical defects. 
One of the most important elements in a motor vehicle which 
relates to safety is the BRAKES. There are times when our inability 
to stop as quickly as we should results in serious accident. The ability 
to stop depends upon two things, the coefficient of friction of the pave-
ment surface upon which the vehicle is operating, and the ability of 
the brakes to afford a high rate of deceleration. Pavement coefficients 
range from 0.20 for ice up to 0.80 for broomed concrete surfaces. If 
a car weighing 3000 pounds is operating over a pavement with a 
coefficient of 0.80, then the maximum retarding force in pounds that 
can be utilized is 0.80 of 3000 pounds or 2400 pounds. If the full 
benefit of the high coefficient of the pavement is to be utilized, the 
brakes must be capable of developing a retarding force of 2400 pounds 
or 0.80 of the weight of the vehicle. Hereinafter reference to the 
performance ability of brakes is to be understood as a ratio of the 
total braking effort to the total weight of the vehicle. The example 
just cited would be an 80-per-eent brake. 
If an automobile is operating at twenty miles per hour and is 
equipped with 80-per-cent brakes, it can be stopped in a distance of 
16.7 feet; 22.2 feet will be required to stop a car with 60-per-eent 
brakes when operating at twenty miles per hour. The law prescribes 
a minimum stopping distance of 30 feet from twenty miles per hour; 
this is obtained with a 44.5-per-cent brake. In this analysis brakes 
are classified as follows: 
(1) Up to 45 per cent-illegal. 
(2) 45 per cent-60 per cent-poor, but legal. 
(3) 60 per cent-70 per cent-fair. 
(4) 70 per cent-80 per cent-good. 
(5) so· per cent up-excellent. 
This survey shows the following distribution of the various classi-
fications of brakes: 
(1) Illegal 42.4 per cent. 
(2) Poor, but legal 24.6 per cent. 
(3) Fair 12.8 per cent. 
(4) Good 9 per cent. 
(5) Excellent 11.2 per cent. 
116 ILLINOIS ENGINEERING EXPERIMENT STATION 
The average brake on the entire group of vehicles was a 52.5-per-
cent brake, which is a poor brake, and not much better than the 
minimum legal requirements. 
The survey indicates, as is to be expected, that the performance 
ability of brakes depends upon the use under present maintenance 
conditions, which in tum depends upon the age of the vehicle. The 
average ability of the brakes on 1937 models was that afforded by a 
58-per-cent brake. The average brake for all 1936 models was a 56-
per-cent brake and this braking ability decreased practically uni-
formly at a rate of 2 brake per cent per year; 42.4 per cent of all cars 
were found to be operating with illegal brakes. It may surprise you 
to know that 30 per cent of the 1937 models were operating with 
illegal brakes; 30.6 per cent of the 1936 models had illegal brakes 
and, as the age increased, a greater proportion of the cars of any age 
group were found to have illegal brakes. 
Coming back to the matter of lack of appreciation of the im-
portance of sufficient brakes on the part of the average driver, let 
us take a simple example. Let us assume that a car is operating with 
65-per-cent brakes. It is traveling at the so-called safe speed of 20 
m.p.h. A pedestrian steps out in front of this car and the driver is 
able to stop just as he reaches the pedestrian and no harm is done. 
Now let us assume all conditions exactly the same except the ability 
of the brakes. That has been reduced from a 65-per-cent brake to a 
62-per-cent brake, a reduction of only three brake per cent. Under 
the latter condition, the car would over-run the point of stopping of 
the 65-per-cerit brake by one foot. A more or less trivial distance, 
but due to peculiarities in the curve of deceleration the pedestrian 
would be struck at a speed of 4.3 m.p.h. Strike ·an aged person with 
brittle bones at that speed and see what happens. The same story for 
a car operating at 50 m.p.h. gives an over-run of 6.3 feet and the poor 
pedestrian hasn't a chance for he would be struck at a speed of 10.7 
m.p.h. Please remember that the foregoing example involves a dif-
ference in braking ability of only three brake per cent. Imagine, if 
you can, what it would be if the difference was that between an ex-
cellent (80 per cent) brake and a barely legal (45 per cent) brake. 
And still they say that only 2 per cent of our accidents are due to 
mechanical defects. 
Now let us look at brake balance-the relationship of braking 
ability on any one wheel as compared to that on the opposite wheel. 
Improper balance causes skids and loss of control. Many of you have 
had occasion to cause to be erected signs reading "Caution-Pavement 
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Slippery When Wet." Those signs were erected because every rain 
was found to be the occasion for an unusual number of cars in the 
ditch for no apparent reason. The coefficients of friction of certain 
types of pavement are greatly reduced by the addition of water. If 
the brakes are unbalanced, there will be a greater retarding effect on 
one side than on the other. The force due to the momentum of the 
car is effective through the center of gravity of the car, which is near 
the central axis of the car, depending upon the load carried. This 
force tends to act as a moment about the front wheel having the 
greater braking effort and will cause rotation unless counteracted. 
The reduced coefficient of the pavement does not permit the develop-
ment of sufficient counter moment and a skid results. 
In this analysis, brakes which are out of balance not to exceed 
25 per cent are classified as passable. That is very lenient, and 28 per 
cent of all brakes were found to be out of balance more than 25 per 
cent. Age also is a factor in this phase of the analysis and the figures 
show that the ratio of the number of cars with brakes excessively out 
of balance to the total number of cars in any age group increases 
with age. Yet, they say that only 2 per cent of the accidents are 
caused by mechanical defects. 
You may be interested to know what was learned about hydraulic 
brakes as compared with mechanical brakes. Do not believe all you 
read in the papers. There is no such thing as a fully hydraulic brake. 
The system of actuation or the transmission of power applied to the 
pedal is hydraulic and is uniformly transmitted to each of the brake 
actuating cylinders. From there on out the system is mechanical. If 
we are to obtain equal effort on all wheels, then the shoes and linings 
on all wheels must be adjusted exactly alike. A group of cars num-
bering 2919, equipped with hydraulic brakes, were analyzed for brake 
balance, and it was found that 13.5 per cent had brakes which were 
out of balance more than 25 per cent. In general, the condition of 
balance on cars with hydraulics was better than for those with me-
chanical, but not enough to justify the erroneous impression •that when 
you have hydraulics your troubles are over. Hydraulics must be 
serviced from time to time just as any piece of equipment must be. 
It is this lack of proper service which causes most of the trouble. 
Ford, Chevrolet, and Plymouth are generally recognized as the three 
popular cars in the low-priced field. Many owners of these makes 
of automobiles have little money for upkeep, and it shows up in the 
curves plotted to compare brake balance condition of cars of various 
ages. The curves for these makes of cars coincide closely with the 
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general curve in 1937, but there is a noticeable divergency, increasing 
with age. A good example of such a condition was found at Alton. 
A woman in a rattle-trap Ford drove by the inspection equipment 
there and was stopped by the police and sent through the inspection 
lane. Every element on this car was either lacking or in extremely 
bad condition. This woman was frightened and explained that she 
had just bought the so-called automobile for a five dollar down pay-
ment. The police took her back to the seller and compelled him to 
refund her money and run the so-called automobile into the junk heap. 
There is not a large percentage of cars in such a condition, but those 
which are allowed to run around are all potential killers. 
Now let us look at the headlamps. Accident statistics lead us to 
believe that this is the most important element of an automobile 
having to do with safety on the highways. National statistics disclose 
the fact that the average twenty-four hour death rate is approximately 
22 for every ten million gallons of gasoline consumed. These same 
statistics reveal the fact that one-third of the traffic movement occurs 
during the hours of darkness and two-thirds during the hours of 
daylight. In other words, the traffic volume during daylight hours is 
twice that during hours of darkness. The reason for making the state-
ment that headlamps are considered to be the most important element 
of an automobile having to do with safety on the highways is because 
of the fact that one-half of the deaths occur during the night period 
when the traffic volume is only one-half as dense as it is in the day-
light period. You do not have to employ calculus to discover that the 
night accident rate is twice the day rate. 
If the death rate at night is twice that during the hours of day-
light, then lighting must be a factor. The highway lighting advocates 
will tell you that fixed highway illumination is the answer. Some 
time in the future it may come, but for the present the costs and 
benefits derived do not balance. We should try something simple 
that costs very little and pays immense dividends for a given ex-
penditure." All you need to do is to have your lights properly fixed by 
someone who knows how, using testing apparatus with which definite 
results can be obtained. Lack of illumination from headlamps is 
caused from lack of intensity of the beam or improper aim. In a 
great majority of cases the necessary repairs can be made at a cost 
ranging from one to two dollars, and in many cases the performance 
of the lamps can be improved by as much as 100 per cent. If you 
doubt this, go to a reliable garage having up-to-date equipment and 
find out for yourself. 
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All figures relative to the performance of headlamps in this analysis 
are based upon the visibility obtained against a dark object. In the 
headlamp experiment reported to you last year, it was pointed out 
that the greatest distance at which a dark object was visible with best 
headlamps was 300 feet. The average visibility obtainable from all 
1937 models in this survey was 264 feet and the 1936 models afforded 
a visibility of only 259 feet. The rate of reduction of ability was 
5 feet for the first year, 5Y:i feet for the second, 6 feet for the third, 
and at a rate which increased with age. The average visibility afford-
ed by all headlamps was 217 feet. 
Using 300 feet as a maximum visibility obtainable with the best 
lights, the cars tested were separated into classifications in the fol-
lowing manner: 
(1) Lights out. 
(2) Visibility from 0 to 190 feet, poor. 
(3) Visibility from 190 to 260 feet, fair. 
(4) Visibility from 260 to 280 feet, good. 
(5) Visibility from 280 feet up, excellent. 
According to the present law in Illinois, illegal lights are only 
those lights which do not burn. In this analysis cars having one or 
more lights out were classified as having lights out and illegal. The 
entire group of automobiles tested fell in the following classification: 
(1) Lights out 5.3 per cent. 
(2) Poor lights 19.4 per cent. 
(3) Fair lights 32 per cent. 
(4) Good lights 15.6 per cent. 
(5) Excellent lights 28 per cent. 
3.75 per cent of the 1937 models had poor or illegal lights, and 7.19 
per cent of the 1936 m\)dcls were in the same classification. Most of 
this trouble in these newer models was due to improper aim. 
Let us now consider the lamps which in this analysis have been 
classified as glaring. Any set of headlamps which has a total intensity 
of 5000 beam candle power or more and which is aimed higher than 
level will cause glare; 20 per cent of all lamps were found to come 
under that classification. Haven't you in your driving experience 
met a model T Ford in which the actual intensity was not over 5000 
beam candle power, yet you were almost lost in the glare? That was 
caused by improper aiming. On the other hand, you have no doubt 
met a car with very bright lights, but you were able to approach 
and pass that car with a relatively high sense of security. Those 
latter lights were properly aimed, high enough to afford reasonable 
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visibility for the driver, but not high enough to blind an approaching 
driver. This type of setting can be obtained if the adjustment of the 
headlamps is made by a competent headlamp mechanic with suitable 
checking equipment. 
Many of you have cussed the driver with glaring lights and in 
almost the same breath you may have said some uncomplimentary 
things about the driver of the so-called "one-eyed" car. This survey 
reveals that 2.73 per cent of the cars tested were operating with only 
one light. 
Headlamps serve a twofold purpose. First and most important, 
they are to afford illumination for the driver of the car, and, second, 
they are to serve as signals to drivers of other cars, by which they 
are warned of the approach of oncoming vehicles. If a set of lamps 
serves only the latter of the two purposes, then they meet the re-
quirements of the law as it now appears upon the statutes. To be 
legal they do not have to furnish even a reasonable amount of illum-
ination for the driver. Lights of this type have been classified as 
signal lights and the survey shows that 10 per cent of all cars were 
equipped with that class of lamps. 
Figures have been presented showing the number of cars having 
good brakes and the number having bad brakes, as well as the number 
having good lights and the number having bad lights. The safest 
car to drive is that one having the best brakes and at the same time 
the best lights. Conversely, the most dangerous car is the one having 
bad brakes and bad lights simultaneously. Only 11 per cent of the 
cars tested had both good brakes and good lights. On the other hand 
14.2 per cent had both bad brakes and bad lights. And still they say 
that only 2 per cent of our accidents are due to mechanical defects. 
From national statistics we learn that there are a considerable 
number of accidents in which a motor vehicle runs into the side of a 
railroad train and in some cases with sufficient speed to actually 
derail the train. Does it not seem reasonable to expect a considerable 
reduction in this type of accident if just a reasonable amount of 
better braking effort and better headlight visibility were provided in 
the vehicles involved in such accidents? If you will recall, in the 
earlier part of this paper an example was presented illustrating the 
relative importance of a very slight change in the braking ability of 
brakes. If a railroad train is operating across a highway at normal 
speed, from 30 to 60 miles per hour, and this train is struck at the 
extremely slow speed of one mile per hour, a motor vehicle may be 
thrown with sufficient violence to kill all the passengers in the motor 
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vehicle. If the statisticians do not tell you that the accident is caused 
by mechanical defects, they more than likely will say that the driver 
was operating too fast for conditions. That statement is more true 
than we realize, because in many cases the particular condition re-
ferred to is the mechanical condition of the motor vehicle. 
This brings us up to the question of rural night driving or high 
speed night driving. Pedestrian and non-pedestrian night rural acci-
dents combined account for 20 per cent of the total highway deaths. 
If you are driving a car with good 'lights, you cannot expect to dis-
tinguish a dark object at a distance greater than 300 feet. Now, if 
you are to avoid striking that object, you must be able to stop within 
that 300 foot interval. The conditions under which we drive at night 
arc far from ideal. Some of us, are fortunate enough to be endowed 
with keen, active, and alert minds, but there are a great many people 
driving cars today who are not far removed from requiring the mini-
strations of a mental specialist, and in considering this matter we 
must not lose sight of the fact that people of practically all degrees 
of mental capacity arc permitted to drive motor vehicles. At times, 
drivers with the highest types of mental faculties are fatigued, or are 
otherwise not up to their full mental capacity, especially at night. 
In considering the distance required to make a stop we must allow 
the driver some time to perceive an object and to make up his mind 
that the situation actually requires a stop. This time may be called 
"perception time" and in the experiments with headlights and in 
these calculations two seconds have been allowed for this mental 
process. 
You arc all familiar with reaction time, which is the time required 
to remove the foot from the accelerator and make the brake applica-
tion. This generally ranges from one-half to three-quarters of a 
second. Due to the fact that there are too many imbeciles driving 
automobiles, a full second has been allowed in these calculations for 
"reaction time." Therefore, since two seconds have been allowed for 
"perception" and an additional second for "reaction,'' a total period 
of three seconds has been allowed before the brakes arc considered as 
being in full performance. During that combined period the car has 
traveled 264 feet when operating at 60 miles per hour. If that car 
is equipped with excellent headlamps with a visibility against a dark 
object of 300 feet,· then that leaves only 36 feet in which to make a 
stop, and it cannot be done. With the best of brakes, the theoretical 
over-run of the object in this case would be 115 feet, and the car 
would strike the object at 52 miles per hour. No wonder we lose when 
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we run into the side of a railroad train at night. We have a slightly 
better chance with the back of an unlighted farm wagon-but what 
about the poor farmer? 
In the paper presented last year a combination of curves represent-
ing brake stopping ability and headlamp performance in feet was 
shown. From the.se curves we learn that a motor vehicle with the 
best available brakes and the best available headlamps cannot be 
safely driven at night at a speed in excess of 47 miles per hour. An 
easy figure to remember is 50 miles per hour. Please remember that 
figure-not over 50 at night. 
In this survey, the combined brake and light condition of each 
car was obtained and from those figures the actual permissible 
speed of each individual vehicle was calculated. As stated in the 
earlier part of this paper, it was found that the average brake on 
all vehicles was a 52.5-per-cent brake, and that the average headlamp 
visibility was 217 feet. Combining these two figures it was found 
that the average permissible speed of all vehicles was only 31 miles 
per hour. You may say that that is absurd, but it is just as absurd 
to kill people the way we do today. And still they say that only 2 
per cent of the accidents are caused by mechanical defects. That is 
beginning to sound absurd. 
The average permissible speed of 1937 models was only 38 miles 
per hour and this average permissible speed decreased gradually with 
age. For a 1930 model it'was only 19 miles per hour. 
During the summer of 1936 a series of tests were conducted to 
determine the actual speeds at which motor vehicles were operated 
at night. Some were clocked as high as 65· miles per hour. The 
average of all passenger cars clocked was 41.7 miles per hour, which 
is 10.7 miles per hour higher than the average permissible speed. 
As soon as the weather permits, possibly in May or June, the 
Division of Highways plans to set up this inspection equipment on 
some section of lighted highway permitting night operation. Engineers 
will go about five miles up the highway from the inspection equipment 
and without the driver being aware, clock his speed and record his 
license number. This information will be phoned to the inspection 
unit, where his actual permissible speed will be calculated after he 
has been through the inspection. He will then be advised as to how 
fast he was driving and how fast he might have been driving to be 
safe. It is thought that this procedure will have an interesting psy-
chological effect and provide some valuable information. 
Time will not permit the presentation of many details disclosed 
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by this survey, but it may be of interest to know the results of a 
few of the less prevalent defects. Bad wheel alignment which causes 
hard steering, difficult control, driver's fatigue, and excessive tire 
wear was found in 9.4 per cent of the vehicles tested. Tail lights 
out were found in 5.4 per cent of all cars tested and inoperative stop 
lights were found in 16 per cent of the total. 
There is no end to the number of ways the data from this survey 
can be broken down. Last year in the interests of safety on the 
highways, Governor Horner appointed a Safety Commission made 
up of about 200 leading citizens of the State of Illinois. This com-
mission was divided into a number of committees for the purpose of 
studying the various phases of the highway accident problem. This 
information will be invaluable to that body or to any legislative 
body in formulating any action to be taken relative to the mechanical 
inspection of motor vehicles. This survey cost in the neighborhood 
of $50 000, but the largest part, if not all, of this expense was returned 
in the form of fines. It would be interesting if other states would 
undertake a similar survey. Our engineers are now engaged in working 
this data up for presentation in a complete report form. Illinois will 
be glad to furnish this information to any states or cities which are 
interested in this particular phase of Safety on the Highways. 
XIX. TRENDS IN TRAFFIC CONTROL AND 
ACCIDENT PREVENTION 
T. T. WILEY* 
The title "Trends in Traffic Control and Accident Prevention" 
pleases me because it implies that although traffic control and accident 
prevention are closely related to each other, they are not identical. 
The principal difference is that traffic control is a method for accom-
plishing certain objectives, while accident prevention is an objective 
for which methods of accomplishment are necessary. The two terms 
are related in that traffic control is one of the methods by which 
accident prevention is accomplished. 
There are two general points of view towards the application of 
this relationship between traffic control and accident prevention. The 
first, which is probably the most common, emphasizes the accident 
side. It starts with the accident records and works back to methods 
of traffic control to prevent future accidents. This reasoning from 
effect to cause is often effective and sometimes is the only method by 
which a given problem can be solved. Sometimes the remedy affords 
more efficient traffic movement and sometimes it doesn't. 
The second point of view is that of from cause to effect. It in-
volves the application of engineering principles in order to determine 
the probable effect of each of several methods of traffic control upon 
a given traffic or accident situation. This point of view is the broader 
one, because it is aimed at the \vhole problem rather than just at 
the accident aspect. It will usually result in both accident prevention 
and more efficient traffic movement. 
The necessity for facilitating the movement of traffic and at the 
same time preventing traffic accidents has resulted in the development 
of a new branch of civil engineering called traffic engineering. Traffic 
engineering is so new that a large majority of those engaged in it 
have had to develop their own methods and rely upon experience 
only. It is only within the past few years that certain universities 
have recognized the need for definite instruction in this profession. 
Harvard, Michigan, and our own University of Illinois are among 
the leaders in this field. This trend towards training men in traffic 
engineering is an important and desirable one. 
There is a trend throughout the nation to assign traffic engineering 
*Assistant Engineer, Traffic' and Safety, Illinois Division of Highways. 
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duties to men who have neither the necessary training nor the neces-
sary experience, and all too often to men who are not even engineers. 
A good traffic engineer will rarely be obtained merely by transferring 
a man from one line of duty to the traffic job. Traffic control and the 
engineering phases of accident prevention will not be properly handled 
until trained, experienced, and competent traffic engineers become 
available and are placed in charge of such work. 
What can be done about traffic engineering service for cities, par-
ticularly the smaller ones? The larger ones should employ, and some 
of them have employed, traffic engineers. In addition, a number of the 
larger ones have obtained the services of consultants on traffic prob-
lems in conducting traffic surveys and preparing recommendations for 
improving traffic movement and preventing accidents. Perhaps such 
consulting service can be given to the smaller cities. 
Another suggestion for helping the smaller cities has been adopted 
to a certain degree. That is that the highway departments of the 
various states cooperate with the cities by making available the 
services of the states' traffic organizations. This scheme has several 
major shortcomings at the present time. In the first place, many 
highway departments do not have a separate traffic engineering or-
ganization. Second, most of those which do exist are practically 
new and must concentrate upon their own problems. Third, these 
state organizations are usually formed from existing personnel which 
is not trained or experienced in traffic engineering as necessary for 
solution of city problems. 
Many of the organizations engaged in traffic safety promotion are 
now advocating traffic engineers for cities with populations as low as 
50 000. Unquestionably, such cities and even smaller ones have need 
for at least part-time traffic engineering service. But these moderately 
sized and smaller cities arc not going to obtain adequate engineering 
service by assigning an untrained inexperienced man to such duties. 
So, let's not move too fast on this problem, because inexpert advice 
is often worse than none at all, and the result will be traffic tinkering 
instead of traffic engineering. This brings up one of the current trends 
which is so far developed as to be an accomplished fact. That is 
over-regulation. 
Way back in the 18th century Thomas Paine in his book, "The 
Rights of Man,'' wrote "It is better to obey a bad law, making use 
at the same time of every argument to show its error and procure 
its repeal, than forcibly to violate it; because the precedent of break-
ing a bad law might weaken the force, and lead to a discretionary 
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violation, of those which are good." There is a corollary to this 
which is no less true. That is that the adoption of a bad law may 
often lead to the discretionary violation of good laws. The adoption 
of traffic regulations and the installation of traffic control devices 
arc practically the same as estab]ishing a law. Consequently, it is 
essential that those in a position to adopt such regulations or to 
install such devices make sure that such regulations or devices are 
absolutely necessary and definitely advantageous to the traveling 
public. 
One of the particular problems in connection with which there is a 
very marked trend towards over-regulation is the protection of chil-
dren at school crossings. There can be no argument about the necessity 
for adequate protection of school children. There is, however, an 
extremely heavy pressure placed by parents upon officials for the 
installation of some type of control to stop vehicles at such locations. 
I appreciate the concern that parents have for the safety of their 
children, but I am most definitely opposed to the prolific use of stop 
signs or to the installation of traffic signals solely for protection at 
school crossings. Such control is wrong for three reasons. First, 
usually it unduly restricts and delays the movement of vehicles, thus 
encouraging disobedience to all such types of regulation. Second, 
it is not the safest method of control. Third, it is not of educational 
value. 
The one solution favored by a very large proportion of the experts 
who have given attention to the problem is the school safety patrol. 
This system of crossing protection has had amazing success in re-
ducing child accidents, proof enough of its effectiveness. It does not 
unnecessarily hamper the movements of vehicular traffic. It is of 
value educationally as it teaches the children to watch traffic and to 
cross only when it is safe to do so, thus developing a judgment 
which is necessary at the many other crossings which they will have 
to make without benefit of any type of protection. It is the safest 
method because the children cross at a time when there is no traffic 
close enough to be dangerous instead of crossing at a time when fast 
moving vehicles may be bearing down upon them and they are at the 
mercy of the driver's desire or ability to stop in response to a sign or 
signal which he may not see. 
Another example of over-regulation can be seen in the general 
use of stop signs at all kinds of locations. The trends in the use of 
the stop sign are confusing because in some areas the trend is away 
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from their use and in others the trend is towards their use. A possible 
reason for this difference is that some localities are analyzing their 
difficulties in a more scientific manner than others. Some highway 
departments are now abandoning to some extent the use of stop signs 
at every entrance to a through highway and are using them only 
where lack of sight distance, accident records, or other definite factors 
indicate a need for them. 
On the other hand, there is a trend in many areas to an even great-
er use of stop signs, even going so far as the four-way stop. In a 
few instances, at rural intersections, the four-way stop has decreased 
accidents, particularly as to their severity. But it does not seem to 
me that the solution for accidents caused by failure to stop at stop 
signs can be the erection of more stop signs for the motorists to fail 
to stop at. That is merely a makeshift and an indication of mental 
laziness or lack of imagination. The proper solution is something 
else and I believe that careful and thorough study of each individual 
case will result in a better answer. 
As to the use of four-way stops in cities, I am most emphatically 
opposed to it. Take the case of an intersection handling about 6000 
vehicles a day, an amount far below the so-called warrant for fixed-
time signals, with approximately equal volume on each street. 
Put in a four-way stop and 6000 vehicles are halted each day. 
Put in a two-way stop and 3000 vehicles are halted each day. 
Put in a time-cycle signal and about 3000 vehicles will be stopped 
each day. Put in an actuated signal and less than 2000 vehicles per 
day will be stopped. Experiments made at this University have 
shown that stopping and starting a car in traffic costs about one 
quarter of a cent. By evaluating the cost of stops under each 
method of control it is found that vehicle operating costs under the 
two-way stop and under fixed-time signals amount to about $2.50 
per day more than under traffic-actuated signals, while vehicle oper-
ating costs under four-way stop control exceed those under two-way 
stop and fixed time control by $7.50 per day, and exceed those under 
actuated signal control by $10 per day, or by more than $3600 per 
year. If the annual cost of installation, operation, and maintenance 
plus the annual cost of stops and accidents are compared for each 
method of control, either the two-way stop or the traffic-actuated 
signal will be the most economical of the four methods mentioned. 
This process of comparison is identical with that used in determining 
the justification for a new highway upon the basis of annual cost 
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versus savings in operation costs to motorists. The application of 
this principle is good traffic engineering. Failure to consider these 
factors is not good traffic engineering. 
One method of traffic control which is subject to spasmodic trends 
in usage is the traffic signal. This is due to a large extent to a general 
misconception and lack of understanding on the part of the general 
public and many engineers concerning its functions and effect upon 
traffic. 
One of the guides normally used in determining the need for 
signalization is contained in the Manual on Uniform Traffic Control 
Devices adopted by the American Association of State Highway 
Officials and the National Conference on Street and Highway Safety. 
This manual states that the minimum vehicular volume warranting 
the operation of a fixed-time signal is an average of at least 1000 
vehicles per hour for eight hours with sufficient traffic on the minor 
street to require the green indication for not less than 25 per cent 
of the time. I believe that the way in which the words minimum and 
at least are used is significant. This double reference to a lowest 
standard means that the warrant stated is the absolute minimum, 
that any traffic volumes less than the amount given do not justify 
a fixed-time signal, and that, when the volume slightly exceeds this 
amount, a border-line case has been discovered, and further studies 
are necessary to determine whether or not signalization will accomp-
lish the desired purpose. 
Evidently, it has been found by those associated in preparing 
this warrant that any traffic volumes less than the amount given 
will normally afford sufficient gaps to allow ample opportunity for 
cross traffic to move. As part of my training at this University, I 
made detailed studies of the various factors affecting traffic movement 
and of the economics of traffic control. This work indicated that a 
volume less than an average of 1000 vehicles per hour for eight hours 
does afford ample opportunity for cross traffic, but that such a criterion 
for the justification of a traffic signal is rather artificial. 
Whether or not a traffic signal or any other type of traffic control 
should be installed should be determined upon an economic basis just 
as much as any other type of improvement, public or private. The 
analysis I gave on the four-way stop also applies here. Therefore, 
it is essential that the number and cost of stops, the amount of delay, 
the effectiveness as to accident prevention, and the costs of installa-
tion, maintenance, and operation be determined or estimated for each 
of the available types of control. If this is done, I believe that it will 
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be found that the fixed-time signal should be used only in flexible 
progressive systems, where vehicles arrive at more or less regular 
intervals. This is a very bold statement, but consider the fact that 
the cycle set up on a fixed-time signal must be based upon an assump-
tion that is so far from the truth as to be ridiculous. That assumption 
is that vehicles arrive at the intersection evenly spaced. Even in very 
heavy traffic they don't do that. 
The experience of London, England, tends to verify this statement. 
Almost 400 intersections, including many of the most heavily-traveled, 
such as Hyde Park Corner, Trafalgar Square, and Picadilly Circus 
are now controlled by actuated signals instead of by fixed-time signals 
because this was found necessary in order to relieve congestion by 
taking the fullest possible advantage of every second of time. 
One of the most important trends in traffic control is emphasis 
on uniformity. Unquestionably, there is a definite need for some 
degree of uniformity in signs, signals, and mar~ing. Legislation 
adopted in several states, including Illinois, provides that all newly-
installed signs, signals, and markings shall co~form to the standards 
established by the highway departments. In addition, some of these 
laws provide that the state's standards shall comply in a very full 
measure with the standards contained in the "Manual on Uniform 
Traffic Control Devices for Streets and Highways" which was pre-
pared by a joint committee of the American Association of •State 
Highway Officials and the National Conference on Street and High-
way Safety. 
Personally, I think that there is considerable danger in attempting 
to establish by law such rigid nationwide standards. Perhaps I can 
best illustrate this point of view by an example. On page 76 of the 
national manual the far right corner is selected as the standard lo-
cation for traffic signals. This is followed by a discussion of the merits 
of far right versus near right signal indications and the following 
is the concluding statement: "In view of the admitted advantages of 
each location over the other, and the division of expert opinion on the 
relative importance of these advantages, the Committee has carefully 
examined existing practice and finds that both the number of present 
installations and the trend point to the far side location as the stand-
ard for the future. The Committee, therefore, bases its adoption of 
that standard largely on this canvass of present practice." 
Gentlemen, that statement is a perfect illustration of the very 
great danger in the cry for uniformity. Standardize on present prac-
tice. Disregard the disadvantages of existing devices. Let everybody 
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use what we now have, even though we all don't agree on whether it's 
adequate or not, and everything will be fine. Doesn't that open up 
a nice prospect for the future? Doesn't it? It certainly does not! 
Traffic control and accident prevention for the streets and highways 
have been given but little attention until the past few years. There 
is a profusion and confusion of ideas on the subject. Yet, in the name 
of uniformity we are asked to standardize upon features of traffic 
control about which there is much argument, or which have not been 
proven satisfactory, or which may even be the poorest of all. 
One thought that always comes to me when discussing traffic con-
trol is that there is too much of a tendency to only scrape the surface 
of a traffic problem instead of digging down to the fundamental· 
difficulties. All too often, some type of traffic control is adopted 
without even a definite objective in view, merely because someone 
thinks that something should be done. As a result, many so-called 
solutions are ra~her superficial, do not really correct the difficulty, 
or merely shift it from one location to another. 
One factor which contributes to this is lack of knowledge. Research 
on general and specific subjects related to traffic control is essential. 
In addition, it is necessary to make more thorough investigations 
before changing type of control, and it is equally necessary to study all 
conditions after a change is made in order to determine whether 
the ctesired objectives have been accomplished. It is only by means 
of research and these before-and-after studies that it will become 
possible to accurately evaluate the advantages and disadvantages 
of the various types of traffic control and methods of accident 
prevention. 
There are other important trends in accident prevention most of 
which come under the headings of legislation, education, and enforce-
ment, which I do not have time to discuss. Neither have I mentioned 
highway design which is so very closely related to both traffic control 
and accident prevention. 
I have attempted to point out that the trends in traffic control 
and accident prevention challenge our initiative, imagination, and 
ability. If we are to successfully meet that challenge, we must broaden 
our knowledge, develop more accurate methods of analysis, and give 
the greatest possible service to the greatest number of people in the 
most economical manner. In other words, we must make a more 
thorough engineering attack upon the traffic problem, and when this 
is done we'll move traffic more efficiently with fewer accidents. 
XX. SAFER DRIVING* 
MARTIN J. GoERst 
What are we doing to make automobile driving safer than it is? 
Can we really do something about it, or, arc we the people who 
should do something about it if we could? What are some of the 
materials, methods, and principles that could be applied to our systems 
of highways to make driving on them less hazardous? These are only 
a few of the questions that come up constantly in highway engineering 
circles, and they should be made the chief subjects of discussion in 
highway conferences. Is not highway engineering, after all, a field 
in which the final objective is safer automotive travel? 
Let us look into some of the recent ideas that have been developed 
and which are being tested. Let us also examine some novel ideas that 
could be used. There is need fqr an integrated system of improvements 
which will be reasonable in first cost, low in maintenance, and the 
principles of which have been proven and tried for many years. 
A complete system of traffic control, simple as one might be, cannot 
be discussed fully in a paper of this length, but an attempt will be 
made to present a few suggestions that could be applied easily to 
our highway system. 
In the actual design of highways we have not yet reached national 
standardization, but there are agencies, not connected with state or 
federal governments, who are concerning themselves about the de-
velopment of a standardized system of safer highways, and who are 
exerting their influence to approach that goal. 
Among the problems to be handled in the design and the laying 
out of a modern highway is proper curvature. Few engineers will 
dispute the superiority of spiral curves for connecting circular to 
tangent highway, or circular curve to circular curve, over any other 
method thus far suggested to enable a motor vehicle to turn with 
natural ease. Many highway designers are adopting this type of 
transition curve as one factor which facilitates safer driving, but the 
time has long since come when the rest of them should be taught the 
simplicity with which this curve can be laid out and installed. 
In connection with the dividing of densely travelled highways 
into lanes, it has been found in many quarters that the highway 
*Student Prize Paper; award by the Illinois Association of County Superintendents of 
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with a "boulevard strip" between lanes of traffic in opposing directions 
has solved more problems than one. Such a highway has recently 
been labeled "the ideal road" by the American Automobile Association, 
after a study, the main consideration of which was to find the safest 
type of road. 
In quoting from a recent article by "Brownie" of the Milwaukee 
Journal, which tells of the study by the American Automobile Asso-
ciation, "The type settled upon was the so-called 'super' highway, 
a road of two lanes, one for traffic in each direction and separated 
by a planted area commonly known as a 'boulevard strip' ..... 
This type of road is deemed vastly superior to a broad pavement, 
fully as wide but without the separating strip. Without the separation 
area, broad highways ~re found to be much more prolific of accidents 
even than pavements of only 20 feet width. It was found by forcing 
traffic to separate, as is done by the dividing strip, head-on collisions 
were eliminated, as were those due to headlight glare and sideswiping 
of cars going in opposite directions. . . . . While there are only about 
1000 miles of 'ideal' highway in the United States, their superiority 
in safety over the merely wide type is now so generally recognized 
that the divided type is certain to multiply as construction is ad-
vanced by the demands for safer main routes of access to and egress 
from large centers of population. . . . . The divided road also lends 
itself to beautifying. The center area can be planted with shade and 
ornamental trees and flowering shrubs. . . . . Another advantage 
cited for the divided road is that illumination for both paths can be 
provided by a line of high lamps along the center of the boulevard 
strip. Illumination is now considered an essential safety feature of 
most important avenues of traffic." 
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A word might be said about signals and signal systems. We are all 
acquainted with the stop and go color light signals at the intersections 
of import!'lnt thoroughfares in our larger cities. 'The question has 
been raised whether drivers subject to color blindness can interpret 
the aspect of the signals. The difficulty may be solved by the use 
of a position light signal·· similar to those in service on some of our 
American railroads. Figure 1 illustrates the type used by the Penn-
sylvania Railroad. For added facility a combination of color and 
position light signals may be employed for the benefit of the driver 
'vith normal sight. Such a system is illustrated in Fig. 2. 
Signals might be employed for purposes other than to control 
traffic at busy intersections. They might be used to caution motorists 
rounding a curve at the same time as an automobile in the opposite 
direction rounds the curve in which the sight distance happens· to be 
short. In similar manner a signal could be used with equal advantage 
at the top of a hill where the sight distance is short. Such a s1gnal 
might be of an electric light type, actuated by a moving automobile 
as it passes civer a treadle in the road. 
There is need for more separation of grade crossings between 
two heavily traveled highways as well as between railway and high-
way. In this connection it might be s.tated that there have been not 
a few blunders committed in the design of grade crossing elimination 
projects. Such blunders are often the result of too rigid an adherence 
to old design rules which by this time have outlived their usefulness. 
It is time that we follow more common sense methods for the designing 
of grade crossing eliminations so that they will retain their place in 
a modern highway system far into the future. 
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Crossings where the amount of traffic is not great enough to war-
rant a separation of grade, yet is dense enough to require more pro-
tection than that given by the common cross boards, have, in many 
instances, oeen installed with automatic wigwags, crossing gates, or 
other barriers. To the notion of the writer, this problem will never be 
solved with devices of this nature. The success of such appliances 
depends on whether the motorist obeys them or not. In any type of 
barrier system, the barrier, the automobile, or both are subject to 
damage the first time a driver disobeys the given warning. 
As long as we are dealing with human beings, we will have diffi-
culty in making all drivers stop at railway crossings when a train is 
approaching. We must develop some system of stopping automobiles 
over which the drivers have no control, if we want to save the lives 
of the traveling public. Such a system, being investigated at the 
present time, would be operated electrically, but the author is not 
now in a position to disclose its details. With this device there would 
be no injury to the mechanism, to the ·road, or to the automobile in 
case the driver disobeyed a warning given before it went into operation 
to stop the vehicle. A system such as this could be used to good ad-
vantage at crossings where, under the present set up, an expensive 
viaduct or underpass would be required. We could thus protect many 
more crossings than can be protected now with the funds available. 
We can improve our highways, install protective devices, and 
cooperate to the fullest extent with such agencies as the railroads, 
but our problem of bringing about safer driving is by no means 
solved. What about the driver? After all is said and done, our traffic 
control difficulties will never be fully solved until we have drivers 
who can be relied upon to drive safely. 
In our age it is seldom possible for any given device to meet with 
much success until it has been proven and tried. The same rule must 
be applied to drivers of automobiles. We cannot rely on the com-
petence of a driver until he has shown, to an authorized traffic officer, 
that he is capable of handling an automobile satisfactorily under 
many kinds of traffic conditions. 
It is with amazement that outsiders observe traffic regulation in 
Illinois only to find that not even a drivers' license law exists here. 
Never before, in the face of a tremendous annual death toll due to 
traffic accidents, has such a law been more urgent in this state. 
In our railroad organizations, engineers of trains are individuals 
who have attained such positions after many years of experience. 
In order that they may hold their jobs, they are required to pass 
•. 
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rigid physical examinations from time to time, in which tests of the 
eyes are of extreme importance. Not only is the physical condition 
of train operators closely observed, but their personal habits are 
also taken into account. If a train operator is found under the in-
fluence of liquor while at work, he is discharged. Likewise, if an 
engineer fails to obey train orders, whether given him directly by the 
dispatcher or by a semaphore signal, he is either discharged or sus-
pended, depending on the seriousness of the fault he has committed. 
These are only a few of the rules which are enforced by the railroads, 
which, in turn, are under the influence and control of the Interstate 
Commerce Commission. Where is there a commission, national or 
otherwise, that controls automobiles in a similar manner? 
The State of Wisconsin has recently adopted a law, in replacement 
of the old drivers' license law, which places more stringent demands 
on the new driver before a license is issued to him. Applicants for 
licenses must pass oral examinations on traffic laws and also vision 
tests as two preliminary steps in obtaining their licenses. They are 
then given an actual driving test by an officer of the traffic division 
of the police department, and, upon passing the tests satisfactorily, 
a license is issued. A driver is always required to carry his license 
with him while he drives a motor vehicle. 
There is little question of the benefit that would be derived in the 
State of Illinois by the enactment of a drivers' license law similar 
to the one outlined. 
The whole subject of safer driving is one which cannot be handled 
efficiently by scattered groups of interested parties. The subject is 
one worthy of genuine research by a competent and authorized com-
mission whose full-time duty would be the working out of solutions 
to automobile traffic difficulties. In the workings of such a commission 
it would be proper that the state and county highway superintendents 
be consulted frequently for their practical knowledge of traffic con-
ditions. Then, and only then, can we expect safer highway travel. 
XXL STATE-WIDE PLANE COORDINATES FOR 
HIGHWAY SURVEYS 
w. H. RAYNER* 
Important developments have taken place within recent years in 
nearly every phase of surveying practice. The rapid development of 
aerial surveying, and the use of the invar tape and the Bilby observa-
tion tower which have so greatly reduced the time and expense of 
first-order triangulation, are but two of these developments. Another 
important advance which affects every branch of surveying, and 
especially that of highway surveying, is that of the use of state-wide 
plane coordinates for tying together and making permanent surveys 
made anywhere within the state; and it is the purpose of this paper 
briefly to describe the character and uses of this scheme. 
Highway engineers should be especially interested in this method 
because it endows with peculiar advantages the location surveys for 
highways, and also because it was a highway engineer who originated 
and first applied the method. 
Most of what is said here was presented to the Illinois Society of 
Engineers at its annual meeting in Peoria in January, but much 
repetition will be necessary to bring the matter to the attention of 
all who arc interested. 
State-Wide Plane Coordinates for Control 
For many years every engineer has known that there is a branch 
of surveying called "Geodetic Surveying," but this subject has been 
thought to deal with refinements and precision and higher mathematics 
that are beyond the comprehension and the needs of the ordinary 
engineer. Hence, in years past, and except for special surveys, no one 
has given any attention to the control monuments established by the 
U. S. Coast and Geodetic Survey, and no one considered the possi-
bility of making any practical use of this control. 
However, about the year 1930, Mr. George F. Syme, Senior En-
gineer of the North Carolina Highway Commission, became im-
pressed with the confusion which resulted when highway surveys, 
disconnected from each other both in space and time, were finally con-
nected. Different station numbers, bearings, and elevations were found 
for the same points .where such surveys joined. From his experience 
•Assistant Professor of Civil Engineering, University of Illinois. 
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with scores of such surveys, he originated the plan of using a state-
wide system of plane coordinates, unified and precisely controlled by 
the U. S. System of geodetic control. The U. S. Coast and Geodetic 
Survey was eager to cooperate, with the result that a system of con-
trol monuments was established throughout the state such that an 
engineer would, at any point, be within 25 miles of such a monument. 
1\Ioreover, the system was modified and simplified so that nothing 
more than plane coordinates were required in its use. The details of 
the system cannot be described here, but the general features of the 
scheme are as follows: (1) The U. S. Coast and Geodetic Survey ex-
tended its primary and secondary triangulation and traverse over the 
state so that, as already stated, no point was more than 25 miles 
from a control monument, and at each monument an azimuth mark 
was established. (2) A projection plane was designed so that when 
the positions of all the control stations over the state were projected 
upon it, the resulting errors were negligible for all engineering surveys, 
thus making it possible to use plane coordinates in relating the position 
of any one point to another. (3) A system of benchmarks was dis-
tributed at similar intervals throughout the state by means of precise 
levels. 
Now what are the advantages and the uses of such a scheme? Mr. 
Syme has stated them so well that I shall quote him at some length. 
He says: "Within these surveys lies a veritable wealth of values 
not only to engineers and surveyors in every field, but to every corpo-
ration, commonwealth, county, municipality, property owner, and in-
dividual who authorizes or pays for any kind of instrumental survey. 
"In the state of North Carolina has been laid the foundation of 
a structure, which if carried to completion, will enable the people 
to reap a rich harvest from the work of the Coast and Geodetic 
Survey. 
"The need for the control of all surveys is quite apparent, for 
by such c'ontrol, they are made permanent and indestructible and are 
easily reproduced even when all stakes and corners are gone. Not 
only that, but with their unchanging bearings, they are coordinated 
into one uniform system in which each survey is in its proper relation 
with respect to all the others. A cpntrolled survey, being absolutely 
permanent, may be used at any time in the future for any number of 
purposes aside from that for which it was originally intended. In fact, 
the value of a la.rge system of controlled surveys properly designed 
and monumented, is so great and covers so many fields of utility that 
it defies estimation. Such surveys may be used for general mapping, 
138 ILLINOIS ENGINEERING EXPERIMENT STATION 
highway and railway location, controlling topographic and hydro-
graphic surveys, for flood control, for irrigation, drainage, and recla-
mation, for geological and geographical studies, for controlling aerial 
photography, for cadastral surveys, and, in general, for all surveying 
purposes. 
"To illustrate from another angle the great value of geodetic 
control, consider the stupendous economic loss resulting from the 
thousands of non-controlled transit surveys of all kinds, costing 
thousands of dollars, that have been made in this state or any other 
state. These are based on an unlimited assortment of assumed meridi-
ans, magnetic meridians, and even true meridians, with plane co-
ordinates, if used at all, referred to an equally unlimited number of 
origins, without regard to geographical position, while the levels are 
based on every conceivable kind of assumed datum plane. These are 
utterly valueless for purposes other than those for which they were 
originally made, and many cannot even be reproduced for their 
original purpose. Obviously, when viewed collectively, they repre-
sent only a mass of the wildest confusion." 
He continues, "Now suppose that all of these surveys had been 
controlled and framed into a single coordinated system, properly de-
signed, monumented, and mapped; and suppose further, that there was 
some state agency which kept in convenient form the complete records 
of all these surveys for the use of the general public. Surely any 
layman can see the incalculable value of such an arrangement with-
out further discussion if he will give it a little thought. 
"The general specifications for a practical system of control which 
will meet all requirements are: (1) It must be designed to meet the 
needs of all engineers and surveyors in every field of surveying; 
(2) It must be based on the U. S. Coast and Geodetic Survey; (3) It 
must be based on scientific principles and be mathematically sound; 
(4) It must be extremely simple and easily used; (5) It should be state-
wide; and, (6) There must be some sort of an efficient and permanent 
agency to design the system; to direct its operation; to collect, check, 
and preserve all subsequent worthwhile survey data; to cooperate 
with and advise all parties who would use the system; to supervise 
the monumentation of all surveys that are to become parts of the 
system; to keep all official records of all monuments and maps, and to 
do the hundreds of other things necessary for its pe~fect functioning." 
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Applications of the System 
The developments that have followed Mr. Syme's initiation ofthis 
idea have. been quite remarkable. or course, every highway survey in 
North Carolina 'is now controlled by the state system of plane 
coordinates. At least three states, New Jersey, Massachusetts, and 
Pennsylvania have· passed laws which make legal the use of plane 
coordinates in fixing and describing boundary monuments. Other 
states, including Florida, Iowa, and Nebraska, are considering such 
legislation. The Federal Board of Surveys and Maps made a thorough 
study of the method and states among its conclusions: "It is further 
believed that the state systems of plane coordinates are the most satiS-
factory for the cotJrdination of all maps and surveys which by their 
nature do not require expression in the form of geographic coordi-
nates." This board includes the U. S. Coast and Geodetic Survey, 
The U. S. Geological Survey, The U. S. Engineer Corps, and 
the General Land Office. From this list of users and others that could 
be mentioned, it is evident that this method of control is already 
having wide application and it appears to possess important ad-
vantages for every kind of survey in that it makes permanent the 
results of each survey and renders these results useful for every 
other survey in that vicinity for any purpose whatsoever. 
We do not have time enough this afternoon to describe this im-
portant development in detail or to suggest how it can be applied 
within our state, but these subjects will be discussed by qualified 
·speakers on the program of the Surveying Conference which is being 
held at the University this afternoon, evening, and tomorrow morn-
ing. In fact, the time of this conference was arranged with the thought 
that a number of the highway engineers would be sufficiently inter-
ested in this subject to stay over a half day and hear the matter pre-
sented, and to discuss the practicability of applying the method and 
so to profit from its advantages in our state. 
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XXII. RELATION OF THE DIVISION OF WATERWAYS 
TO HIGHWAY WORK IN ILLINOIS 
CARTER JENKINS* 
In speaking upon "Relation of the Division of Waterways to 
Highway Work in Illinois" I fear I must effect a rude disturbance 
of the mental sufficiency of many of you highway engineers and high-
way superintendents in even daring to mention that the Department 
of Public Works and Buildings of the State of Illinois consists of other 
than the truly great Division of Highways, state-wide in its organiza-
tion and scope, and internationally known because of its great ac-
complishments and the brilliancy of its personnel. In spite of the 
chance of encountering bodily violence, I have the personal assurance 
of the Honorable F. Lynden Smith, Director of the Department of 
Public Works and Buildings, that this is a great occasion upon which 
to inform you gentlemen and the general public that the Department 
of Public Works and Buildings really has other activities, perhaps less 
widely known, but performing specific duties in the service of the 
people of Illinois. Mr. Smith has furthermore expressed his pleasure 
at the opportunity given the Department to explain. to you the opera-
tion of one of the other divisions which comprise it. 
The Department of Public Works and Buildings consists of four 
divisions which, without going into a violent argument as to relative 
standing, are: Division of Waterways, Division of Parks, Division of 
Architecture and Engineering, and Division of Highways. As before 
mentioned, the Division of Highways is much the most prominent in 
the public mind and is by far the largest in size. With its scope and ac-
complishments all of you are well acquainted. Before passing, how-
ever, to stress other things, I must pay a sincere tribute to the ac-
complishments of the division under the direction of Mr. Ernst Lieber-
man, Chief Engineer, and to the accomplishments of the several 
counties under most capable superintendents. 
During the past five years, I have traveled and worked in many of 
the states of the Union, extending from the Atlantic Coast to Mon-
tana, and from the Canadian Line to the Gulf of Mexico. In no state 
have I seen highway work which surpasses that accomplished in 
Illinois, and in several of the more easterly states, where presumably 
great intelligence and creative knowledge is centered, I have seen ex-
*Chief Engineer, Illinois Division of 'Vaterways. 
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amples of high engineering which are complimented by placing them 
under the classification of the well known "horrible example." In one 
of the best known eastern states my most unprintable remarks are 
too mild to properly express my private opinion of some of the high-
ways perpetrated through engineering or lack thereof. 
And now back to the other divisions comprising the department. 
The Division of Architecture and Engineering prepares all plans 
and specifications and lets contracts for all State buildings. Needless 
to say, during the past four years this division has been very busy in 
the design and construction of buildings in the financing of which the 
Federal Government has participated. Many architects and engineers 
are employed by the Division of Architecture and Engineering, all 
under the direction of Mr. C. Herrick Hammond, State Architect. 
The Division of Parks and Memorials is headed by Mr. George 
H. Luker, Superintendent, under whose jurisdiction comes the ad-
ministration of the magnificent State park areas comprising the 
system. Mr. Luker is aided by a force of technical men and custodi-
ans, and during the past five years the system has profited materially 
through the efforts of a large number of Civilian Conservation Corps 
camps which have been placed at the disposal of the State of Illinois. 
These camps in state and county parks have ranged in number from 
43 at the maximum to 21 at the present time; and by this federal 
cooperation the State Park Program in Illinois has been pushed in an 
unusual degree. A rather different type of architectural and engineer-
ing treatment is required in state parks and structures from that 
needed in other kintls of state work, and it is believed that Illinois 
leads the nation in the beauty and practicability of its park bridges, 
dams, and buildings. 
The Division of Waterways is headed by the speaker, as Chief 
Engineer. There are approximately 120 technical, clerical, and oper-
ating employees making up the division. This division operates many 
of the large lift bridges crossing the Illinois Waterway. It passes 
upon all plans for work proposed in or along public waters; it renders 
assistance to the many drainage districts over the state and cooper-
ates with the Division of Highways in determination of proper bridge 
openings, and work of similar character. It is the state agency which 
represents Illinois in most of its contacts with the Corps of Engineers 
of the War Department, and all state work under that branch of the 
federal government is referred to the division during its inception. 
The Department of Public Works and Buildings is headed by 
Hon. F. Lynden Smith, Director, ably assisted by Hon. Chas. P. 
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Casey, Assistant Director. These men are responsible to the Governor 
and the legislature for all work contemplated by the several divisions, 
for the land acquisition programs, for appropriations and other 
legislative matters. Needless to say, their time is in constant de-
mand, and for technical advice and suggestions they must rely on the 
technical forces assigned to the several divisions. From the foregoing 
statements, you can see that most of the technical men in the employ 
of the State of Illinois are grouped in the Department of Public 
"\V or ks and Buildings, and the service which these men render to the 
State is of high quality and sincerest character. 
The Division of Waterways is a descendant of the earliest state 
bureau, and antedates all other bureaus in length and type of service. 
In the development of Illinois Territory, the need of transportation 
was early recognized because of the limitation upon the use of pack 
mules and wagon trains through the trackless prairies and across the 
many lakes and water courses. Furthermore, better means of com-
munication between the settlements along the Mississippi River and 
the Great Lakes were required. 
Secretary of War Galla tin's report of 1808 proposed a commercial 
connection between the Great Lakes and the Mississippi River. Con-
gressional records of the 11th Session state that boats of light draft 
and tonnage frequently passed over the summit or continental divide 
into the DesPlaines River in periods of high water. 
Secretary of "\Var John C. Calhoun later proposed a canal to fol-
low the route used by the French since the discovery of Illinois, which 
would present an uninterrupted water communication for light boats 
between the Mississippi and Lake Michigan; and a further step 
towards the construction of this connection was accomplished in 1816 
when by treaty the Indians evacuated extensive lands along the pro-
posed route. This evacuation was largely accomplished by promises 
to the Indians that a canal would be constructed, which would fa-
cilitate their trade and communication. 
Originally, the north line of Illinois Territory did not conform to 
the present north state boundary, but the advisability of placing the 
proposed canal and water communication under the sovereignty of 
one state was realized. As a result the north line was moved to its 
present location so that Illinois Territory would possess the Port of 
Chicago and the entire route of what is now the "Illinois Waterway." 
This act is of special significance to those in attendance here from 
the northerly portion of the state, for had not the need of waterway 
transportation been realized by what is now the great sovereign 
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State of Illinois, the Elgin, Dixon and Chicago district offices would 
be under the jurisdiction of the State of Wisconsin, as well as many 
counties represented here. 
In 1822 authority was given the State of Illinois, by the federal 
government, to construct a canal connecting the Illinois River with 
Lake Michigan through public lands and donated rights of way and 
90-foot reserves in all sections of land through which the canal passed. 
The task of locating the canal and attempts to finance it were heart-
breaking, but in spite of all obstacles Illinois did not lose courage. 
As one of the provisions of a state act, on February 14, 1823, a 
Board of Commissioners was appointed to take charge of the re-
sponsibilities of this improvement. This marks the beginning of what 
is now the Division of \Vaterways. 
Because of reverses met by the Board of Commissioners, through 
the efforts of Governor Cole and the legislature, Congress passed the 
Act of 1827 granting a quantity of land to the State of Illinois for 
the purpose of aiding in opening the canal between Lake Michigan and 
the Illinois River, equal to one-half of five sections in width on each 
side of the canal, with the result that all even-numbered sections 
were retained by the federal government and all odd-numbered sec-
tions were given to the State of Illinois for sale to raise money. 
As a result of the grants, the Board of Canal Commissioners laid 
out the villages of Ottawa and Chicago, and, preparing plats, started 
the sale of lots in 1829. The site known as "The Canal Town of 
Chicago" comprised the area bounded by the present streets of State 
and Halsted, Kinzie and Madison, and the average price of lots sold 
in 1830 within this territory was $36 each. Chicago was then a pre-
cinct of Peoria county, and contained names of 32 people, most of 
whom lived outside of the village. 
The actual starting of canal construction took place with great 
ceremony on July 4, 1836, and, after going through panics and other 
grcvious experiences in financing and construction, the canal was 
finally completed, and the first boat passed through on April 19, 1848. 
The canal, as constructed, had a surface width of 60 feet and a 
depth of 6 feet over miter sills. The locks were 107 feet long and 
171/:i feet wide. Business over the canal increased steadily to a maxi-
mum annual toll collection of approximately $301 000 in 1865. 
Freight continued to increase to a maximum of 1 011 000 tons in 1882, 
although the tolls collected had been reduced because of rate slashing 
to compete with the Chicago and Rock Island Railroad, which had 
been built more or less to parallel the canal. 
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In 1917 the Code Departments of the state were formed, and under 
the Department of Public Works and Buildings was placed the Di-
vision of Waterways, taking over the authority of the Canal Com-
missioners and the old Rivers and Lakes Commission, which had 
exercised control over other public waters. Realizing that the canal 
had become too small for modern boats, particularly those mechani-
cally powered, and because of disastrous effects of low water in the 
Illinois River during summer months, the necessity for a better artery 
or highway of commerce was felt. Therefore, in June, 1919, an act 
was passed for construction of the Illinois Waterway through a bond 
issue, to supplant the Illinois and Michigan Canal, and to provide 
for modern transportation. This waterway was to extend from the 
City of Chicago to the Illinois River near Utica,· thence to the Missis-
sippi River near Grafton, thence to the Gulf of Mexico. A 300-foot 
channel was authorized with minimum depth of 9 feet, and the locks 
were to be 660 feet long and 110 feet in width. Work was begun in 
1919 and completed in March, 1933, utilizing the Chicago Sanitary 
Canal and improvements in the Illinois River. 
The transportation history of the nation began with pack horse 
and wagon train, then came the era of natural waterways and canals, 
followed by decades of extensive railroad building. Since that time, 
and within the memory of us all, the great state highway systems of 
the nation have been constructed. Each of these has presented par-
ticular problems for solution, and each has had its place in the eco-
nomics of the nation. Now with the increased production of goods 
and materials, and a demand for even lower freight rates, it appears 
that the cycle in part is to start over again, and certainly there is 
great increase in interest in waterway commerce during the last few 
years. Certain commodities arc particularly adapted to transportation 
by water, and unquestionably great assistance will be given to agri-
culture, mining, and heavy manufacturing by the existence of low 
rates from the heart of Illinois to the great ports and use centers of 
Chicago and New Orleans. 
The jurisdiction and responsibilities of the Department of Public 
·works and Buildings by transfer of powers and duties of the old 
Rivers and Lakes Commission arc contained in Chapter 19 of the 
Illinois Statutes. These responsibilities transmitted in turn to the 
Division of Waterways by the said department acting under authority 
of its Director briefly arc as follows: 
The Department of Public ·works and Buildings "shall upon 
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behalf of the State of Illinois have jurisdiction nnd supervision over 
all of the rivers and lakes of the State of Illinois wherein the State 
of Illinois or the People of the State of Illinois have any rights or 
interests." It is furthermore beholden upon the said Department "at 
all time to exercise a vigilant care to see that none of the said bodies 
of water are encroached upon . . . . except ns may be provided by 
law and then only after permission shall be given ..... " The De-
partment also "shall have power to make and enforce such orders as 
will secure every stream, lake, river or other body of water in which 
the State of Illinois has any right or interest against encroachment, 
wrongful seizure or private use." It is the duty of the Department 
"to maintain and extend the navigability of any of the public bodies 
of water in the state of Illinois," and it shall be its responsibility "to 
plan and devise methods, ways, and means for preserving and beauti-
fying the public bodies of water of the State of Illinois and for making 
same more available for use of the public." 
Section 18, paragraph 65 of Chapter 19, of these Statutes specifical-
ly states that "it shall be unlawful to make any fill or deposit of rock, 
earth, sand, or other material, or any refuse material of any kind or 
description, or to build or commence the building of any wharf, pier, 
dolphin, dam, weir, breakwater, bulkhead, jrtty or other structure, 
or do any work of any kind whatsoever in any of the public bodies of 
water within the State of Illinois without first submitting plans, 
profiles, and specifications therefor and such other data and other in-
formation as may be required, to the Department of Public Works 
and Buildings of the State and receiving a permit therefor signed by 
the Director of said department." Furthermore, "it shall be the duty of 
the Department of Public Works and Buildings .... to make care-
ful investigations of the streams of the State with reference to the 
carrying capacity of all such streams in times of flood and under 
normal conditions, and preventing carrying capacity of streams to be 
limited and impaired by fills, deposits, obstructions and encroach-
ments therein, or bridges over same, and to require such changes in 
bridges' across any navigable waters or streams or bodies of water 
made navigable, necessary to meet the demands of navigation." 
Public waters under the Statutes are defined to mean "all opm 
public streams .... and lakes capable of being navigated by water 
craft in whole or in part .... and all lakes, rivers and streams 
which in their natural condition arc capable of being improved and 
made navigable, or that arc connected with or disclrnrge their waters 
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into navigable lakes or rivers .... together with all bayous, sloughs, 
backwaters and submerged lands that are open to the main channel 
or body of water directly accessible thereto." 
From these quotations from the Statutes, it appears that the Di-
vision of Waterways has about the same general jurisdiction over 
streams, lakes, and waterways, as that exercised by the Division of 
Highways over the several systems of roads in the state. 
The construction of highways by both state and counties can 
materially affect the natural flow of streams, and in order to protect 
the public interests a general policy has been adopted in relation to 
work performed along water courses. This applies to all divisions of 
highway work, and to public and private owners who contemplate 
work along or in water courses. 
To provide a practical policy basis, it has been decided that bridge 
structures can be divided into two classifications: those in which the 
waterway opening is less than 100 square feet, and those above 
that size. 
In the case of culvert or bridge openings of less than 100 square 
feet in area no reference need be made to the Division of Waterways 
for, obviously, the Division docs not have the personnel or time to 
investigate the huge number of such small items of construction. 
For streams other than the more important ones, when the water-
way opening of the structure is to be greater than 100 square feet the 
state or county agency sponsoring the proposed work is required to 
submit a letter of explanation of the proposed structure accompanied 
by prints or records and hydrological data illustrating the improve-
ment, so that its relation to the natural flow of the stream can be 
analyzed. 
After an investigation by the Division of Waterways, a letter is 
issued to the effect that an objection or no objection, as the facts may 
determine, is offered to the proposed construction, and no further 
action is required. In case of channel changes where required for 
better alignment or to conform to new bridge or culvert installations, 
or the installations of large drains, the same procedure is followed. 
In the case of the larger structures over the more important 
streams, complete plans and hydrological data are required in order to. 
facilitate a check of the work by the Division before recommending to 
the Director that the permit be issued or refused. 
Years ago, Professor ·Wiley used to teach that in order to build a 
highway it was necessary to take some gravel, some sand, some Port-
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land cement and very, very little water, and, by judicious mixing, a 
plastic substance could be created which in turn would consolidate 
into a wear-resisting surface well adapted to the uses of all traffic. 
On waterways, however, I have learned that this is not the proper 
procedure. Instead of following that sage advice we must bend every 
energy to get rid of the sand and the gravel and cementing agencies 
and increase tremendously the quantity of water which he prescribed. 
Not only must we utilize every drop of water made available by 
nature but now we arc doing our best to borrow seasonally from our 
great natural reservoir, Lake Michigan, to be assured of a proper 
waterway through the drier months. 
Unfortunately even highways built according to this last specifica-
tion arc troubled by the same elements which create so many problems 
for you gentlemen. ·waterways arc about as ill behaved as highways. 
Snow and ice render your highways hazardous and slow-up travcl-
thcsc substances act in the same way with us in that they tend to ex-
tend waterways beyond the channels within which travel and use can 
be confined. }frost bothers too, for it creates upheavals and disinte-
gration of highway surfaces, while in our case it ice-locks boats and 
paralyzes traffic. 
Unfortunately, too, the same elements of hazard that confront 
every highway safety engineer are present in the use of waterways. 
Your highways kill thousands of people each year due to the presence 
behind the steering wheel of the same type of maniac who delights in 
rocking the boat when picnicking on the lakes or rivers. 
If the speaker were asked to define the relationship between the 
Division of Waterways and highway work in Illinois, my statement 
would be that it was quite close. If the same definition were un-
officially and off-the-record asked of Mr. Lieberman, Mr. Burch, and 
other prominent members of the highway clan, I fear that their 
answer might be summed up in the word "hampering." By more 
frequent contacts, however, and a more general exchange of infor-
mation, data, and discussion of mutual aims, I hope to change any 
such possible definition to the word "harmony" so that the proper 
definition may be given as "close harmony." 
The Division of Highways, the Division of W atcrways and the 
county departments are members of a great technical family. and all 
of us have the same obligations to the people of Illinois. Only by 
close harmony and cooperation can our aims be fully accomplished, 
and I am here publicly stating the desires of the Division of Water-
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ways to work hand in hand with all highway organizations to provide 
the best possible means of transportation and recreation for the 
general public of Illinois, each in our respective fields. 
Future activities of the Division of Waterways will consist of 
more extended hydraulic studies of state streams to comply with the 
Statutes concerning this feature of the Division's duties. Even greater 
assistance to the Division of Highways and to the county authorities 
will be giYen in the determination of proper horizontal and vertical 
clearances of the bridge structures proposed by those organizations. 
County superintendents particularly are assured of our great desire 
to cooperate with them in their problems of determining adequate 
waterway openings for structures under their supervision. 
Greater care will be exercised in the investigation for the granting 
of permits to erect dams throughout the state, particularly in those 
cases where failure may endanger life or property. 
Unfortunately, the Division of Waterways does not have control 
over dams built by private individuals on the smallest streams, 
although failures of such during past months haYe resulted in the en-
dangering of both life and property. 
Greater cooperation will be extended the highway organizations 
to improve if possible conditions pertaining to traffic and navigation 
safety of bridge structures. Further activities in the matter of obtain-
ing, recording and publishing stream data for the benefit of public 
organizations will be prosecuted with much vigor. 
Occasionally, suggestions may be made bearing upon the architec-
tural appearance of bridges and dams and other water structures. The 
speaker believes that as great a field is open for the improvement in 
appearance of river and lake structures as is evidenced by the 
strides taken in recent years in the aesthetic design of bridges. 
And finally, no greater recreational field is open to the American 
Public than through the free and untrammeled enjoyment of its 
public and private waters, if marring of same can be prevented through 
guarding against unlawful encroachments and the presence of hideous 
structures. 
In closing, gentlemen, I wish to express my' appreciation of the 
privilege extended the Division of Waterways to define a few of its 
duties and to acquaint you with the help which 1Ye hope to extend in 
the solution of mutual problems. 
XXIII. COMBINING MOTOR FUEL TAX, RELIEF LABOR, 
AND SPECIAL ASSESSMENTS FOR STREET 
IMPROVEMENTS 
E. c. "WENGER* 
Well paved streets are an asset to any community. The added 
convenience, comfort, and appearance of such improvements are di-
rectly reflected in increased property values. 
· The advantages of public improvements and their benefits were 
early recognized. In response to a popular demand, the st'ate legis-
lature in 1897 enacted a law authorizing cities and villages to make 
local improvements and to divide the cost between the property in the 
vicinity of the improvement and the municipality as a whole, in ac-
cordance with the benefits derived by each. 
There has never been a recession in the demand for well paved 
streets, but during the depression there was a marked curtailment in 
the construction of all public improvements by special assessment, 
including street pavements. This was due to a number of reasons. 
Among them were (1) the inability to market spceial assessment 
bonds, (2) the opposition of property owners to any increase in 
property tax, and (3) the willingness of governmental agencies to pay 
the major cost of public improvements as a means of providing work 
for the unemployed. 
These reasons arc not as applicable today as they were a few 
years ago. In certain localities there has been a revival of special 
assessment paving projects within the last few years with little or 
no objection from property owners. 
What has caused this changed attitude? First, the market for 
special assessment bonds has improved to some extent. Second, 
property owners arc more able and willing to pay for a fair and equi-
table portion of the cost of needed improvements than they were a few 
years ago. They offer little or no objection to special assessments 
for high type improvements if the direct assessments are reasonable. 
Third, the government is becoming more reluctant to pay for ma-
terials and equipment for public improvements, and is demanding that 
the municipalities pay .a greater share of the cost of \YOrk relief 
projects. The municipalities arc unable to assume this added burden 
m most instances, and are requesting the property owners who arc 
*Regional Highway Engineer, Portland Cement Association, Chicago, 111. 
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benefited to assume this cost, which unfortunately must be paid in 
cash before the work starts unless the work is done under the special 
assessment act. In the latter case the cost can be spread over a period 
of years, which is an advantage to many property owners. 
There is a real need and a correspondingly growing demand for 
special assessment paving in Illinois, provided assessments against the 
property benefited can be kept within reasonable limits. 
The question naturally arises as to how the cost to the property 
owner may be reduced without sacrificing the quality of the pavement. 
The following are a few possibilities which it is believed should be 
given serious consideration by city officials: First, an economical 
pavement design adequate for the traffic expected during the life of 
the pavement surface; second, the use of \V.P.A. or other work relief 
funds; third, increasing the public benefit assessment. These various 
possibilities will be briefly discussed. 
(1) Pavement Design.-The volume and character of traffic de-
termine the pavement width required, while the weight and frequen-
cies of the heavier wheel loads determine the depth of slab and other 
features of structural design. 
It is obvious that the traffic expectancy for an arterial street both 
as to total volume and number of heavier wheel loads will be materially 
different from that on a local residential street. Practical considera-
tions will not warrant slight changes in design depth for each slight 
traffic variation encountered on each city street. Grouping or classi-
fying streets of similar traffic characteristics will permit changes in 
design depth to be made for the expected traffic on each class of street. 
This is a practical as well as an economical procedure. 
By the use of available traffic survey data, supplemented by addi-
tional short counts, the city engineer, with his intimate knowledge of 
traffic conditions, should be able to classify the streets in his city, and 
design a cross section adequate for each class of street. Careful con-
sideration of other features of design such as jointing, use of integral 
curbs, etc., makes further economics possible. 
The type of surfacing selected should be one that will not require 
renewal or replacement before the expiration of the special assessment 
bonds. 
(2) Work Relief.-Work relief projects !Ire carried on primarily 
for relief of the unemployed. Funds for such work now are limited 
to the payment of labor with very little allowed for purchase of 
equipment or materials. However, the special assessment law now 
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provides that W.P.A. funds may be used in conjunction with special 
assessment projects. If it is desired that the construction of the pave-
ment slab be done by private contract, it is still possible to use W.P.A. 
labor for items of work such as grading and draining which require 
no particular skill or equipment, and which can be completed before 
the contract work is started. It is also possible that final clean-up 
work and grading of parkways and curbing can be done with relief 
labor after completion of the paving contract. The use of relief labor 
for such items of work will not conflict with the contractor's labor, 
and at the same time will materially reduce assessment costs. 
(3) Public Benefit.-The special assessment law, by providing for 
a public benefit assessment, recognizes that street paving improvements 
are of general benefit to the municipality as well as to the abutting 
property. To provide funds for the payment of such assessments, the 
law permits a general levy of not to exceed one mill tax, in addition 
to all other levies authorized by law. 
When this law was enacted in 1897, traffic on city streets consisted 
entirely of horse-drawn vehicles, and was primarily local in char-
acter. Under such traffic, the benefits accruing to the city through 
street improvement were nominal, and as a result, public benefit 
assessments were small. 
There can be no question but that with the development and more 
extensive use of the motor car, all classes of streets are used to a 
greater extent by the general public than in the horse and buggy 
days. Is it not fitting and proper that a larger part of the cost of 
paving should be borne by the city as a whole than has heretofore 
been the custom? 
Poorly paved, inadequate, or worn out surfaces are more expensive 
to maintain than new pavements. In many localities the cost of main-
taining such surfaces is a drain on city funds. In such cases, the 
city could well afford to pay a larger portion of the cost of new 
pavement construction because of the potential savings in mainte-
nance costs. 
Since 1933 the cities have received one cent of the three-cent motor 
fuel tax. The law provides that after deducting certain diversions 
for relief authorized by the General Assembly, the remainder of the 
money from this source shall be used by the city for one or more of 
the following purposes: 
(1) The construction and reconstruction of state highways in the 
municipality, or the maintenance of federal secondary roads 
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(2) The construction, reconstruction, and maintenance of a system 
of arterial streets or thoroughfares in the municipality as may be 
designated by the council or president and board of trustees, and 
approved by the Department of Public W arks and Buildings 
(3) The construction and reconstruction and maintenance of 
extensions of such arterial streets or thoroughfares outside the cor-
porate limits of a municipality 
( 4) The payment of engineering costs in connection with all such 
work heretofore described 
(5) The payment of any municipal indebtedness which has been 
or may be incurred in the construction, reconstruction, maintenance, 
opening, widening, or improving such arterial streets, or thoroughfares, 
or state highways. 
Provisions in the motor fuel tax act make it possible for a munic-
ipality to use its motor fuel tax allotment to pay for the entire cost 
or a portion of the cost of improving its principal streets. The law, 
however, favors the latter, as it specifically states that between two 
streets of the same class, priority of improvement shall be given to 
the one for which a portion of the cost is to be raised by assessments 
of property specially benefited. 
Under provision (5) above, the allotments may be used in payment 
of any municipal indebtedness which has been or may be incurred in 
the improvement of arterial streets, thoroughfares, or state highways. 
This permits the municipality to anticipate future motor fuel tax 
allotments in the construction of special assessment improvements 
on these classes of streets. 
If the assessments are spread over a ten-year period, it is possible 
for the municipality to assume a public benefit obligation of approx-
imately ten times the anticipated annual motor fuel tax allotment, 
and to use these allotments as they become available each year in 
payment of the public benefit assessment. The larger cities have 
found it advantageous to use this method in order to complete im-
provements at an earlier date than would otherwise be possible. The 
smaller cities, where the annual allotments arc too small to attempt 
any worth while improvements each year, have found this method 
especially attractive. 
For example, take an average small town of about 1000 inhabitants. 
Its motor fuel tax allotment would be about $1500 per year. With 
property assessments of an average of $3 per front foot, it would be 
possible with the motor fuel tax allotment to build about one city 
block of 30-ft. pavement in one year. However, if the motor fuel tax 
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allotments were anticipated over a ten-year period, a public benefit of 
$15 000 might be levied which would permit the construction of about 
ten blocks of 30-ft. pavement at one time without increasing the 
average assessment per front foot. 
During the past few years a number of municipalities in Illinois 
have constructed a number of street improvements under the special 
assessment act. In most of these cities advantage was taken of all 
governmental funds available, such as P.W.A. and W.P.A. and, where 
possible, motor fuel tax allotments, to reduce the cost to the property 
owners. 
In an analysis of such improvements in 16 municipalities of the 
state it was found that some 590 000 sq. yd. of pavement had been 
constructed at a total cost of some $2 000 000 since 1934, the ma-
jority of this work having been placed under contract since 1936. 
Averaging all of these improvements it was found that 40.5 per cent 
of the cost was paid by P.W.A., 27.5 per cent by motor fuel tax, 2.0 
per cent by public benefit, and 30 per cent by assessments against the 
property specially benefited. In general the property assessments 
ranged between $1.00 and $4.00 per front foot. Only in three cases 
was the cost per front foot greater than $4.00, and in all of these 
instances the increased cost was occasioned by special construction 
due to some local condition. 
These 16 municipalities arc by no means a complete record of 
all work done by special assessment in Illinois, but it is believed 
that these 16 cities are fairly representative, as they vary in population 
from 100 to 100 000. 
Only recently Peoria held public hearings on a number of projects 
totaling some 86 000 sq. yd. of paving. All of these passed public 
hearing except one project of about 8000 sq. yd. which was withdrawn 
for revision. Ninety per cent of the property owners indicated their 
approval of these improvements at the public hearing. Assessments 
ranged from $1.89 to $3.38 per front foot, the average being about 
$2.90. 
There is nothing mysterious or complicated in setting up a project 
where W.P.A. funds and motor fuel tax are to be used in payment of 
a portion of the cost. 
The following example is offered merely to illustrate the method 
and proced_ure involved, and not as an example of how the costs 
should be apportioned in any municipality. 
Assume that it is desired to improve an arterial street, 1584 feet 
in length (five 330-ft. city blocks) by paving, draining, and curbing, 
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to a width of 30 feet face to face of curb, including four full inter-
sections. Assume the estimated cost to be as follows: 
Pavement ...................................... $10 500 
Grading, drainage, and curbing. . . . . . . . . . . . . . . . 6 000 
Legal and engineering costs.................... 2 000 
Total. ..................................... $18 500 
Let us also assume that it is desired to use W.P.A. labor on those 
portions of the work involving no particular skill, such as grading, 
draining, and curbing, and to contract for the construction of the 
pavement slab itself. 
An analysis of the estimated cost for grading, drainage, and 
curbing shows that approximately $2000 of this cost is labor, the 
remainder is for equipment and materials. Therefore, the value of 
the W.P.A. contribution would reduce the total cost by $2000. 
If it were found that the abutting property would be benefited 
to the extent of $3 per front foot, the cost assessed against the property 
owners would be the total net frontage of 2640 ft. multiplied by 
$3, or $7920. This would leave a public benefit assessment against 
the city of $8580, which could be paid entirely or in part from the 
motor fuel tax allotments. If the city elected to pay 10 per cent of 
the entire cost of the improvement from the public benefit fund 
obtained from the one-mill tax authorized by law, and the remainder 
from the motor fuel tax, the division of cost would be as follows: 
\V.P.A .......................................... $ 2 000 
Assessments against property. . . . . . . . . . . . . . . . . . . 7 920 
Public benefit fund............................ I 850 
Motor fuel tax........ . . . . . . . . . . . . . . . . . . . . . . . . 6 730 
Total ...................................... $18 500 
If the assessments were spread over a ten-year period, the average 
annual payments, including interest at 6 per cent would be approx-
imately as follows: 
Motor fuel tax ................................ $874.90 
Public benefit fund ............................ 240.50 
Assessment for a 40 ft. lot. . . . . . . . . . . . . . . . . . . . . . 15.60 
It is possible that in certain localities and under certain conditions 
it would be desirable to use W.P.A. labor for the construction of the 
entire project. This would tend to reduce these costs further. 
As I stated before, the foregoing is not a recommended division 
of cost, but was merely used to illustrate the method. 
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However, when a division of cost has been decided upon by the 
municipality, it is then necessary to file a W.P.A. application for the 
items of work in which it is proposed to use W.P.A. labor. This ap-
plication should show the total estimated cost of these items. The 
equipment and materials necessary for such work would be shown 
as the sponsor's contribution to be paid for by special assessment 
funds. 
It would also be necessary to file an improvement resolution with 
the State Highway Department and submit plans, specifications and 
estimates for their approval. 
When approval has been obtained from the W.P.A. and the State 
Highway Department, special assessment proceedings can then be 
initiated in which the separate amounts agreed upon to be paid in 
W.P.A. labor, motor fuel tax, public benefit and property assessments 
would be shown. 
It has been found that objections to assessments for high type 
pavements from property owners are few if the cost per front foot is 
not excessive. These amounts vary on each project. What may be 
considered excessive on one project may be entirely reasonable on 
another, depending upon the nature of the improvement, the char-
acter of the neighborhood and the class of the street. 
There is no apparent reason why many needed street improvements 
cannot be constructed by special assessments if advantage is taken 
of every opportunity to reduce the cost to the property owners, such as 
(1) An economical pavement design 
(2) Judicious use of work relief labor 
(3) Increasing the public benefit to a fair and reasonable amount 
( 4) Use of motor fuel tax allotments for a payment of a portion 
of the cost where legally possible. 
While amendments to the special assessment laws may be desirable, 
the possibilities for the construction of paving projects under the 
present laws are by no means exhausted. With the curtailment of 
such work during the past ten years, there is a backlog of needed 
street improvements in every city. Property owners desire such 
improvements and have shown that they are willing to pay a reason-
able portion of the cost of high type pavements. Undoubtedly more 
of these projects would be undertaken if these conditions were 
fully recognized by city officials. 
XXIV. ROADS, TRAFFIC, AND ENGINEERS 
c. c. WILEY* 
The other day one of my graduate students, a young man from 
Turkey, asked this question, "Do you build the roads to suit the 
traffic or fit the traffic to the roads?" This question is worthy of 
our careful consideration. 
From the instant man appeared on this planet transportation has 
been essential to his well-being. At first he traveled entirely on his 
own hind legs and carried his own burdens while his roads were mere 
trails. But he soon compelled some of the beasts of the field to be-
come beasts of burden, and found that he had to modify his roads, 
while the increased capacity for transportation enabled him to supply 
more of his growing wants. 
Later came the wheeled vehicle which again greatly enlarged his 
facilities for transportation, but also demanded a radical change in 
the roads, which had to be wider, smoother, less steep, and freer from 
sharp bends. Here is where the highway engineer appeared. 
Further basic improvement in land transportation was very slow 
in coming. George Washington could travel little better than King 
Tut. But a little over a century ago steam was harnessed and the 
railroad was born. This device was vastly superior to any predecessor 
in capacity and speed, but it lacked the ability to go everywhere, 
and hence has been, and still is, limited to arteries of heavy duty. 
But, finally, only a short lifetime ago the motor vehicle put in its 
appearance. Lacking perhaps the capacity of the railroad, it did 
possess its speed, and in addition could be universally used. In this 
country, thanks to favorable economic and manufacturing conditions 
combined with cheap fuel for the motors, it has seen an unprecedented 
development, until almost 30 million of the machines crowd our road-
ways and annually travel more than 250 billion miles. 
This new vehicle and its universal use has given the highway 
engineer problems of enormous magnitude and exceeding complexity. 
In addition it has brought into being a new member of the engineering 
family, the traffic engineer, who has found a double-barreled job 
confronting him. Not only must he fit the traffic to the roads we 
already have, but he must also prevail upon his confreres and the 
public to build new roads to suit the traffic. 
*Professor of Civil Engineering, University of Illinois. 
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While the problems of roadbuilding and of traffic handling are 
many and complicated, the engineer is intrinsically capable of solving 
them, but unfortunately he is hampered and retarded by numerous 
handicaps, many of which are out of his control. 
First, there are the people. So directly and intimately is each 
citizen in contact with the highways that unconsciously he feels he 
knows all about them. People who would not attempt to tell the 
railroad engineer how to build, operate, or provide signals for a rail-
road, do not hesitate to dictate to the highway and traffic engineers 
where and how to build the roads, or where to install signs and signals, 
or otherwise regulate the use of the highways. The result. is that the 
engineer spends a great deal of effort in trying to educate the people 
to their needs, and in preventing them from getting in the way of 
their own best interests. 
A famous philosopher once said that popular opinion is normally 
wrong because it is merely the summation of the experiences of a 
number of individuals, none of whom is in a position to have a 
complete picture of the situation. Nowhere is this more true than 
in the traffic field. The average person will remember one inconven-
ience and forget a thousand favors. Thus it is by no means uncommon 
for people to insist that some traffic device is needed at some location 
merely because on a few occasions they have individually had difficulty 
there. And they will claim that the traffic engineer who has studied 
the situation from all angles under all conditions is crazy when he 
says that the device is not needed, or that something else will serve 
the greatest number for the greater part of the time. 
Recently a group of anxious parents besought the authorities to 
install a half-breed signal at a school crossing, and were provoked 
when the authorities refused because a competent traffic engineer after 
careful study reported that the signal would be more of a hazard 
and less effective than the school-boy patrol already on duty at that 
location. This engineer had the disagreeable but none the less real 
duty of protecting the children from their parents rather than from 
the traffic. 
Then comes politics, pronounced with that familiar nasty inflection, 
which subv~rts public interest to private gain or party policy. Politi-
cians are many but statesmen are few. 
Intrinsically the engineer is a mugwump. That political animal, 
you know, who has his mug on one side of the fence and his wump on 
the other. But being thus sort of balanced, as it were, he is likely 
to do some balanced thinking, and the politician always has been 
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afraid of the thinker. You all remember what the greatest road-
building politician of all time is credited with saying about the thinker. 
It begins "Let me have men about me that are fat" (today he prob-
ably would have said "fatheads") and ends, "he thinks too much. 
Such men are dangerous." I hazard the guess that Cassius was the 
Chief Engineer of the Roman Highway Department and did not 
agree with Caesar's policies. 
One of the most direct and embarrassing handicaps that faces the 
engineer is the eternal lack of adequate funds for the job. The 
American people will spend money like drunken sailors for new cars, 
but will squeeze a penny until Lincoln is black in the face when it 
comes to buying adequate roads on which to run them. The average 
owner thinks little of charging off $100 or more a. year in car de-
preciation, but just try to get that much out of him for adequate 
roads and efficient traffic supervision and hear him squawk. The 
average motor license fee and gas tax in Illinois is only about $33 
a year, yet the motorist in one breath yells that he is taxed too much 
and in the next clamors for more roads and greater safety on them. 
So far, however, he seems to prefer to spend enormous sums in in-
surance premiums, property damages, hospital bills and funeral ex-
penses, not to mention the horror and sorrow of injuries and deaths 
rather than the comparatively smaller sums that would be needed 
to build and operate highways that would do away with much of 
these. Neither adequate highways nor safe highways will be attained 
until we the people are willing to pay the price for them. 
But all of the handicaps to the engineer are not external. He 
has many foibles of his own that often get in his way. One of these 
is an excessive credulity which prevents him from applying adequate 
discount factors to advertisements or sales talk. As a result our 
roads are chock full of contraptions whose principal merit is the 
profit they yield the maker. 
Another aspect of this credulity is the tendency to accept what 
others say about us and our profession and thus develop a sort of 
inferiority complex. Why do we permit the "highbrow" to say that the 
engineer is narrow and lacking in human interest? I say to you that 
engineering is the broadest and most human profession in E;JXistence for 
it covers all phases of human endeavor and is pledged to the service 
of mankind. The so-called scholar is normally more narrow and his 
work more devoid of human interest than the engineer. 
But the engineer himself often does need humanizing. He is all 
too prone to take everything, including his job and his play, too 
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seriously. He needs to loosen up and get all the joy out of life and 
thus make life more enjoyable for others. 
It has been said that the engineer cannot talk. He can talk, and 
talk well, usually if he gets mad enough. It isn't that he can't talk; 
he just does not. To him many things are simple, and he thinks they 
are simple to others, but in reality they are not simple to others. 
If the engineer does not make them clear some amateur will try 
it and make a mess of it, which the engineer later has to straighten 
out. The engineer's job would often be easier if he would just talk 
at the right time. 
All of these boil up into the fact that the engineer needs to assert 
himself both personally and professionally. Personally it may be an 
individual job, but professionally it is a job for all, and one of the 
first steps is to see that his profession, like the other great professions, 
is protected from the incompetent by adequate registration laws. 
Engineers are often handicapped by a propensity to make some-
thing hard out of a thing that is really simple. This seems inherent 
in students but the engineer should get over it. A result of this tend-
ency is to develop a fear of things and avoid them when we should 
use them. 'How else can we explain the antipathy of the highway 
engineer to the spiral? He knows it is desirable but does almost any-
thing to avoid it because he thinks it is hard and therefore is afraid 
of it. Some of you may think I am exaggerating when I say that 
here at Illinois we expect our students in route surveying to be able 
to apply the spiral to either simple or compound curves with no other 
auxiliary than a set of trigonometric tables. Or you may think I am 
crazy when I say that all the information needed to apply the spiral 
to the highways of this state can be typewritten on one side of an 
ordinary 8¥2 X 11 sheet of paper. The spiral is hard because the 
majority of writers made it hard by starting at it the wrong way, and 
then littering the nomenclature up with a flock of Greek letters. They 
began by fixing the spiral length and then adjusting the curvature to 
it. The easy way is to choose the curvature and then chop off a piece 
of the right length, exactly analogous to the way you do with circular 
curves. 
Many engineers are eligible for the Ancient Order of Formula 
Hounds or the Society for the Universal Use of Tables and Diagrams. 
A formula is merely shorthand for a complicated statement, while 
diagrams and tables are mere devices for reducing routine work. None 
of these should ever be substituted for thinking. We have too much 
handbook engineering as it is. The first and most important step in 
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any problem is to "use your head." Formulas, tables, and diagrams are 
merely helpers. 
Closely related to this is the desire for standards, and as a result 
we often overstandardize. Standardization was a big help in the 
period of mass production of highways during the last two decades, 
but it has given us many of the present problems of trying to fit 
traffic to the roads. One of the biggest difficulties with standardization 
is the tendency to confuse standards with limits. Thus I have heard 
it said that the standard radius for highway curves in Illinois is 1000 
ft. There never was such a standard and no one ever intended that 
there should be. The correct statement was that 1000 ft. was the mini-
mum limi't for the radius. And yet we have all seen and possibly some 
of you are guilty of having made road plans with 1000 ft. radii when 
there was nothing in God's green world but a flock of corn stalks 
to prevent radii of much greater and therefore more desirable length. 
Let me revert again to the spiral for an example. Professor Moyer 
out at Ames made some interesting and valuable experiments on skid-
ding and, as a by-product, he evolved a formula for minimum spiral 
length. His writings clearly indicate that it is the minimum. And 
yet, unless I have interpreted the sheets recently received from Spring-
field incorrectly, and I hope I have, this state has adopted Moyer's 
formula for determining the desired length. A little study of the 
derivation of this formula, a little calculation involving lateral ac-
celeration and a comparison with railroad practice shows that the 
normal highway spiral should be somewhere around twice as long as 
indicated by Moyer's formula. 
The highway engineer seems very loath to learn from others. He 
has a sort of inferiority complex that makes him want to be self-
contained and so goes on committing many blunders. For example, 
the railroad learned, years ago, that the degree of curve is superior 
to the radius when the transit is used for location but the highway 
engineer hangs on to the radius like grim death. The city engineer 
has learned many things about curbs, gutters, crowns, inlets, expansion joints, and a host of other things from which the highway engineer 
might greatly profit. There is no excuse for building country roads 
inside of cities and then wondering why they don't work. It is just 
another case of fitting traffic to the road instead of the road to the 
traffic. 
We laugh at the lawyer as a slave to precedent, but the engineer 
is often as bad or worse because he has often permitted this to de-
generate into habit. We keep on doing things just because we have 
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always done them and are apparently too lazy to think out better 
ways. Have any of you committed the atrocity of putting notches in 
a concrete curb at private driveways? If so, why? This was perhaps 
permissible with stone curbs because cut stone corners are very ex-
pensive but with concrete that can be molded, it is inexcusable. If 
you have done this go out and look at them and then figure out how 
the owner (or you) are going to pave this driveway so that it looks 
well and will not bruise the tires of a car turning in. Wouldn't it be 
a lot better to start the curve of a decent turnout. I once asked an 
engineer why he did not do this and he said it would cost too much. 
When asked how much more it would cost he said he did not know. 
In point of fact it costs exactly nothing a·s you can prove by a little 
figuring or call for bids. 
Why do we face our road signs straight down the road? Because 
we have always done so and we struggle to be conventional. The 
application of some simple laws of optics would tell us how they can 
be set for greater visibility and freedom from glare at night at ab-
solutely no additional cost. But force of habit makes us work harder, 
lose efficiency, and increase the cost. 
Some of the older engineers that have come up through the rush 
and turmoil of our mass production period are having a hard time 
overcoming the habits formed during that period, and thus clearing 
their minds to new thought processes necessary to meet present con-
ditions. It is hard for them to see that traffic considerations are, after 
all, the controlling features in modern road building, rather than 
balanced earthwork, cheap right of way, or mass production. 
We engineers must constantly guard against losing sight of the 
purpose of our work in the maze of its details. Roads are built to 
serve traffic, not just for the fun of it, or to break construction records. 
Too often we let the tail wag the dog. 
And now just a word about the baby of the family, the traffic 
engineer. He has a man-size job but he is only a ·youngster and needs 
development. To meet present needs engineers in other lines have 
been transferred to traffic work. Many of these are doing a magnifi-
cent job because they have the necessary makeup, habit of thought, 
and attitude. Some are failures because they have not had the neces-
sary attributes, which are just as peculiar to this job as those peculiar 
to, say, the bridge engineer. But the future is calling for more men 
and we should look to developing them. The next generation of traffic 
engineers should be men trained in this field, but it is hard to see 
where they are coming from. Our colleges are far behind in providing 
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the right kind of training. The work is sporadic and not well organ-
ized, and a lot of it is centered on training traffic officers and not 
traffic engineers, and there is a vast difference between the two. It 
is going to be necessary to educate our educators to educate traffic 
engineers and even we engineers may· have to be educated to the 
fact that in this work some of the old mummified "fundamentals" 
are not as fundamental as we think. To the traffic engineer psychology 
may be more important than mathematics, physics, or mechanics. 
Now you traditionalists hold up your hands in holy horror! 
Possibly you have gained the idea that I am trying to make out 
that the engineer is nothing but a long series of faults. This is by 
no means true. I am merely trying to point out some of the handi-
caps he has to overcome in doing his work as it should be done. The 
very fact that they are handicaps proves that the engineer has a 
large array of fine characteristics and indispensable qualities of a 
high order. Chief of these is, perhaps, the ability to think clearly, 
to play mental golf, as it were. A slow, full backswing to marshall 
the facts and cond,itions, a powerful downswing to concentrate sound 
logic on the problem, and a long follow through to maintain the 
desired direction and reach the proper conclusion. The. salvation of 
this country lies in her engineers preserving, enlarging, and spreading 
this ability to think clearly, for never has our nation needed clear 
thinking more than at present. 
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